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General introduction and

outline of the thesis






Inflammatory bowel disease (IBD) covers Crohn’s disease (CD), ulcerative colitis
(UC) and indeterminate colitis (IC)."* IBD is a chronic disease, with a multifacto-
rial cause including autoimmune, genetic and environmental factors, in which
antibodies are created that affect the intestinal wall leading to chronic inflam-
mation."? The diagnosis of IBD is based on medical history, complaints of the
patient, physical examination and endoscopy and/or additional imaging. The
suspicion for IBD will increase with the presence of blood in the stool, weight
loss, a positive family history and clinical signs of inflammation including fever
and diarrhoea. It is important to bear in mind that age is also an important
factor for the diagnosis of IBD. Blood loss at a young age (below 50 years) is
more suspect for haemorrhoids, while blood loss at an old age (above the age
of 50 years) is more likely to be caused by an adenoma or carcinoma. IBD occurs
at any age, but with a peak onset in young adults between the age of 15-35
years with an incidence rate of 1 per 1000 individuals.? The kind of intestinal
symptoms a patient presents at the outpatient clinic depends mainly on the
location of the IBD. UC is the most prevalent type of IBD in which only (a part
of) the colon is affected. In CD, the whole Gl tract can be involved.™? IC concerns
approximately 10% of the IBD patients and comprises the ones in whom the
diagnosis of CD or UC cannot be made based on clinical testing including colo-
noscopy, biopsy and laboratory tests.

Besides gastrointestinal symptoms due to intestinal inflammation, IBD may
manifest outside the intestine, the so-called extra-intestinal manifestations
(EIMs). Arthropathies in IBD are the most common EIM with a prevalence of
30%. Other EIMs that may be present in IBD patients involve the skin, eyes or
liver.> IBD is characterized by periods of disease flares and remission.”* The
treatment depends on the diagnosis of CD or UC and whether the disease
is active or not. The treatment of IBD is intended to induce and maintain IBD
remission and prevent disease progression by applying long-term medical
therapy.’? New trends in the IBD management is the 'tight control monitoring’
and the ‘treat to target’ strategy which focusses on frequently assessment of
disease activity by markers of inflammation with the ideal target to achieve
mucosal healing, meaning the absence of inflammatory and ulcerative lesions
in the intestine.® However, this management seems not applicable to arthrop-
athies in IBD, since not only disease activity is a predictor of the development
of arthropathies in IBD. Furthermore, different kinds of arthropathies may be
present in IBD patients, subdivided into inflammatory and non-inflammatory
joint complaints. These inflammatory and non-inflammatory joint complaints
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may have different treatment options.” A new management approach for these
patients may be considered to be developed for gastroenterologists, taking
the characteristics and treatment options of arthropathies in IBD into account.

Outline and aims of the studies described in this thesis

Since arthropathies are the most common EIM in IBD we aimed to highlight this
matter in the present thesis in different ways to create more awareness among
gastroenterologists about the characteristics and the burden of arthropathies
on daily functioning in IBD. This thesis will provide an overview of the different
types of arthropathies in IBD and the risk factors associated with it. Additionally,
this thesis proposes an efficient referral algorithm for the gastroenterologist
to discriminate the IBD patients with a high suspicion of inflammatory joint
complaints from the patients with a low suspicion. Furthermore, the impact of
having IBD only and the impact of having IBD including arthropathies on iliness
perceptions, coping strategies and daily functioning will be emphasized.

Arthropathies in IBD can be subdivided into inflammatory (typically a characteris-
tic of Spondyloarthritis, SpA) and non-inflammatory joint complaints, also known
as arthralgia.? Previous performed studies showed a pathophysiological overlap
between IBD and SpA.? An overview of this overlap is described in chapter 2.
This scoping review provides an insight in the common immunological, genetic,
serological, microbiotical and environmental factors in both chronic diseases.

The chapters 3 till 7 of this thesis are based on the JOINT cohort. All patients
who visited the outpatient clinic of the Leiden University Medical Center (LUMC),
the Netherlands, from July 2009 to February 2010 were asked to complete a
questionnaire to assess whether they reported joint complaints. IBD patients
with and without self-reported arthropathies were invited to attend the JOINT
outpatient clinic, which was initiated by the department of Gastroenterology
and Hepatology and the department of Rheumatology of the LUMC. Inclusion
was limited to 255 patients (155 IBD patients with, 100 patients without arthrop-
athies) to guarantee optimal care for the participants. All patients were seen
at study inclusion and after 1 year follow-up at the JOINT clinic. At both time
points, routine medical history and data of EIMs was collected. Furthermore,
rheumatologic examination, laboratory assessment (including erythrocyte sed-
imentation rate (ESR), C-reactive protein (CRP) and (human leukocyte antigen)
HLA-B27) and radiographs of the affected joints was performed in patients with
arthropathies. Only the IBD patients who showed signs of inflammation during



rheumatologic examination at the outpatient clinic or on the radiographs were
referred to the rheumatologist for further examination. All participants were
requested to complete monthly questionnaires to assess IBD disease activity
and spine and/or peripheral joint scores. Additional questionnaires were com-
pleted at baseline and after 12 months follow-up to assess illness perceptions,
coping strategies and illness outcomes including the quality of life (QoL), work
and activity impairment.

In chapter 3, we characterised the different joint complaints in the JOINT cohort
using validated rheumatologic classification criteria. Furthermore, risk factors
associated with having arthropathies in IBD were described.

In rheumatoid arthritis (RA), different biomarkers have been reported to be
important diagnostic markers and predictive for the development of RA at an
early stage.'®"¢ However, although arthropathies are common in IBD, there is a
lack of biomarkers in clinical practice predictive for the development and onset
of arthropathies in IBD. Chapter 4 evaluates the presence of rheumatologic
biomarkers in the serum of IBD patients with arthropathies and compares
biomarker positivity with the serum of RA patients. If present, biomarkers may
help in diagnosing arthropathies in IBD at an early stage.

From the literature, it is well known that IBD has an impact on illness percep-
tions, coping and outcomes including quality of life (QoL)."”"? lliness perceptions
are personal beliefs and cognitions about the disease. Coping strategies are
personal efforts created to deal with the IBD. In this thesis, different iliness
outcomes have been examined including Qol, subdivided into mental and
physical health, work and activity impairment. We assessed in chapter 5 to 7
the different iliness perceptions, coping strategies and illness outcomes in IBD
patients with and without arthropathies. Chapter 5 describes the mediating
effect of coping on the association between illness perceptions and outcomes
by making use of the Common Sense Model (CSM) in IBD patients. Chapter 6
illustrates the association between having arthropathies in IBD and illness per-
ceptions, coping and outcomes compared with patients without arthropathies.
The effect of arthropathies, illness perceptions and coping strategies on the
QoL and work productivity has been evaluated in chapter 7.

Besides having arthropathies, IBD patients may suffer from mood disorders,
fatigue or cognitive decline. In the literature, studies describe the correlation

General introduction and outline of the thesis

CHAPTER 1



CHAPTER 1

of systemic inflammation and mood disorders and/or cognitive decline.?®?? A
pilot study in which brain involvement is evaluated in quiescent CD patients
with fatigue by Magnetic Resonance Imaging (MRI) and neuropsychological
examination and compared with healthy controls without fatigue is presented
in chapter 8.

Chapter 9 outlines the most important findings of the different studies
presented in this thesis and results are discussed in future perspectives. A
summary of this thesis in Dutch is presented in chapter 10.
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CHAPTER 2

Common pathophysiology between
inflammatory bowel disease and

spondyloarthritis: a review

S.J.H.van Erp, F.A. van Gaalen, D.W. Hommes, D. van der Heijde,
A.E. van der Meulen-de Jong



ABSTRACT

In inflammatory bowel disease (IBD), arthropathies are the most common
extra-intestinal manifestation (EIM) and associated with female gender, smok-
ing and IBD disease activity. Arthropathies in IBD can be subdivided into
spondyloarthritis (SpA), a form of inflammatory joint complaints, or arthralgia,
non-inflammatory joint complaints. The understanding of the pathophysiological
overlap between IBD and SpA and as a result the interest of a multidisciplinary
approach to IBD patients with arthropathies has increased in the past years. In
this narrative review, the common immunological, genetic, microbiotical, sero-
logical and environmental factors of IBD and SpA will be discussed.



INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammation of the intestine
and can be subdivided into Crohn's disease (CD), ulcerative colitis (UC) and
indeterminate colitis (IC). CD causes transmural inflammation and may affect
the entire gastrointestinal tract. UC is characterized by mucosal inflammation
and is generally limited to the colon.” IC comprises approximately 10% of the
IBD patients and concerns the ones in whom the diagnosis of CD or UC cannot
be made based on clinical testing including colonoscopy, biopsy and laboratory
assesment.? The aetiology of IBD is an interplay of different factors including
immune response, genetic susceptibility, the intestinal microbiome and the
external environment. The incidence of CD in the western world is approx-
imately 10.6 per 100000 persons and the incidence of UC is approximately
24.3 per 100000 individuals.®>* These numbers are increasing for example
due to industrialization causing changes to microbial exposures, diet, lifestyle
behaviours, medication and pollution exposures, all suspected as potential
environmental risk factors for IBD.>®

IBD is associated with a variety of extra-intestinal manifestations (EIMs) of which
arthropathies are the most common with a prevalence of 30%.” Female gender,
smoking or an active IBD disease are factors contributing to the development
of arthropathies in IBD.® IBD-associated arthropathies can be subdivided into
spondyloarthritis (SpA; inflammatory joint complaints) and arthralgia (non-in-
flammatory joint complaints). SpA is a group of rheumatic disorders, including
ankylosing spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis, juvenile
SpA, IBD related arthritis and undifferentiated SpA (uSpA), of which AS is the
most characteristic.® In Europe, a SpA prevalence rate of 0.54 (95%Cl 0.36-
0.78) has been described.’ In general, SpA includes both axial and peripheral
arthritis and this is similar in IBD patients with SpA. Axial arthritis results in
back pain, while peripheral arthritis affects most frequently the hand and knee
joints.? It is important to differentiate IBD-associated axial and peripheral SpA
from arthralgia in a diagnostic work up. Patients with a diagnosis of SpA can
be classified using the Assessment of SpondyloArthritis international Society
(ASAS) criteria.>'1? Two separate ASAS classification sets exist: one for axial
SpA and one for peripheral SpA covering different SpA features. SpA features
used in the criteria include uveitis, IBD, psoriasis, dactylitis, enthesitis, arthritis,
inflammatory back pain (IBP), a good response to NSAIDs, elevated acute phase
reactants, the presence of human leukocyte antigen (HLA)-B27 or a positive
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family history for SpA in addition to imaging of the sacroiliac joints.”'? Most
of the IBD patients with arthropathies do not fulfil the ASAS criteria and will
be diagnosed with arthralgia. Nevertheless, according to previous research,
approximately 12% of the IBD patients with arthropathies can be classified with
axial and peripheral SpA based on the ASAS criteria.®

In the literature, studies indicate a genetic and symptomatic link between SpA
and IBD."*From studies performed with SpA patients without bowel symptoms,
we know that asymptomatic bowel inflammation may be present. On the long-
term, disappearance of joint inflammation was associated with IBD remission
and vice versa. Moreover, SpA patients were more prone for developing IBD
in the future.’*1¢

Understanding precisely the pathophysiology between SpA and IBD, may
improve treatment of arthropathies in IBD. This review clarifies the overlap
in pathophysiology between IBD and SpA by highlighting this from an immu-
nologic, genetic, microbiotical, serological and environmental point of view. A
scoping literature search was performed until December 2016.

IMMUNOLOGY

Tumor necrosis factor (TNF)

Tumor necrosis factor (TNF) is a pro-inflammatory cytokine which regulates
varied aspects of the immune response in autoimmune diseases via the inter-
action with the TNFR1 and TNFR2 receptor. TNFRT mediates especially the
pro-inflammatory and cell death pathways, known as apoptosis, by activation of
the adaptor proteins TNFR1-associated death domain (TRADD) and Fas-associ-
ated death domain (FADD). TNFR2 promotes tissue repair and angiogenesis via
the pro-survival transcription factor nuclear factor-kB (NFkB) and T-cell receptor
activation via TNFR2 expression on T-regulatory (Treg) cells.”"® TNF is produced
by different cells including monocytes, macrophages, T and B lymphocytes,
natural killer (NK) cells, neutrophils and endothelial cells. TNF is important for
the host defence to infection, but excessive production may be harmful.”® Many
of the pro-inflammatory effects are based on vascular endothelium and leuko-
cyte interactions. As a response to TNF, cytokines and chemokines (including
interleukin (IL)-8, IL-1, IL-6, IFN-gamma-inducible protein (IP)-10 and Monocyte
Chemoattractant Protein (MCP)-1) induce inflammation by leukocyte adhesion.



Local effects of TNF are vasodilatation, increased blood flow and increased
trans-endothelial migration of macromolecules and vascular leak causing
oedema.?>-?!

In IBD, TNF reactivity is increased in the lamina propria. In SpA, TNFis increased
in the inflamed joint caused by activated synovial macrophages leading to
inflammation of synovial tissue. Kontoyiannis et al. examined that when TNF was
overexpressed in mice with arthritis, IBD developed probably through migration
of macrophages and lymphocytes from the joint to the gut.??> Westlund et al.
found a common aetiology of chronic arthritis and gastrointestinal infections
through environmental factors and genetic deficiency of the TNFR1/R2 recep-
tors causing chronic elevations of TNF levels in the serum.?

The introduction of the TNF inhibitors has shown a clinical and laboratory
improvement in both SpA and IBD compared with placebo treatment.?2° TNF
inhibitors reduce cytokine production and vascular activation causing inflamma-
tion. Anti-TNF drugs induce and maintain remission and relapse of the disease
after discontinuation is common in both SpA and IBD.?"%#

The IL-23/IL-17 axis

Different cytokines play a role in the common pathophysiology of IBD and SpA,
also known as the joint-gut axis. Recently it has been proposed that the IL-23/
IL-17 cytokine axis contributes to the pathogenesis of both IBD and SpA, and
comprises the IL-23, IL-21, IL-22 and IL-17 cytokines.?® IL-23 is a key factor
and stimulates (T-helper) Th-17 cells, differentiated from naive CD4+ T-cells,
to produce a prolonged up-regulation of different cytokines including I1L-17,
IL-22, TNF, IL-1B and IL-6. IL-23 is found in the intestinal mucosa of patients with
IBD, in the synovial membrane of RA patients and in the skin of patients with
psoriasis.?® In the intestine, IL-23 plays a binary role with both protective and
harmful functions. Disruption of immune homeostasis through inflammatory
effects up-regulates IL-23 synthesis leading to over-activation of the immune
response and eventually chronic mucosal inflammation.®!

IL-17 induces production of cytokines and chemokines (e.g. IL-6 and IL-8, IL-13,
IL-21, TNF-q, IFN-y) and attracts neutrophils to different inflammation sites.
Gheita et al. reported that the concentration of the IL-23 cytokine in the serum
was significantly higher in the IBD patients with arthritis or sacroiilitis compared
with IBD patients without joint complaints. In addition, IL-23 cytokine levels were
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higher in CD patients compared with UC patients.**However, Dmowska-Chalaba
etal. did not find a difference in IL-23 cytokine concentration between patients
with IBD-related SpA or IBD only, probably due to a relatively small cohort size
and the fact that IBD activity had not been taken into account.®? Ciccia et al.
examined the expression of the IL-23/IL-17 pathway in patients with CD and
AS. IL-23 was up-regulated in AS patients to concentrations comparable with
concentrations in CD patients, in which the Paneth cells of the terminal ileum
were the origin of IL-23 producing cells. IL-23 was never detected in healthy
controls. CD patients presented an increase in IL-17, IL-6 and IL-13 expres-
sion in the serum, supporting the presence of the IL-23/IL-17 pathway in CD.*
Involvement of the Th-17 pathway in SpA patients was supported by Singh et
al. who concluded that levels of IL-17, IL-6, TGF-3 and IFN-y were increased in
the sera and synovial fluid of SpA patients and increased numbers of Th-17
cells had been found in the peripheral blood.**

Targeting IL-23 or IL-17 receptors seems to be effective and a potential approach
in the treatment of chronic inflammatory diseases including SpA and IBD.2>*7

GENETICS

Besides immunology, there is an increasing interest in the common genetic
background of SpA and IBD. In recent years, we have witnessed rapid advances
in the understanding of the genetic basis of IBD. Family history is a risk factor
for developing IBD, indicating a genetic influence in this disease. Genetic loci
involved in IBD display different pathways that are essential for microbial
defence, autophagy and the regulation of adaptive immunity all leading to
intestinal homeostasis. Different genes and alleles may be protective or pre-
disposing. More than 50% of the IBD susceptibility genes have been associated
with other inflammatory (autoimmune) diseases. These overlapping genes may
have similar or contrasting effects in the different diseases.* Similarly, studies
of familial aggregation and disease concordance in twins with SpA indicate the
contribution of genetic factors in the presence of SpA for approximately 90%.>°
Bjarnason et al. described that first-degree relatives of AS patients were more
prone to develop subclinical gut inflammation and suggested this was due to
the genetic overlap between both diseases. Vice versa they found sacroiliitis in
patients with subclinical intestinal inflammation on computerized tomographic
(CT)-scan.*®



Recent literature reports that over 200 genetic regions are associated with
IBD. Among these, multiple are involved in the IL-23/Th-17 network (including
IL23R, janus kinase 2 (JAK2), tyrosine kinase 2 (TYK2) and signal transducer and
activator of transcription (STAT)3). Other noteworthy susceptibility genes in IBD
are the nucleotide-binding oligomerization domain-containing gene (NOD)2, the
caspase recruitment domain-containing gene (CARD)9 and the autophagy-re-
lated gene (ATG)76L1.4" HLA-B27 is the most common gene associated with
SpA and especially significantly more present in axial SpA patients compared
with peripheral SpA. Additionally, the endoplasmic reticulum aminopeptidase
(ERAP)T and cytokine genes including those involved in the Th-17 pathway have
been identified in SpA patients as well.**

Different Genome Wide Association studies (GWAS) describe the genetic over-
lap between IBD and SpA and the most significant associations have been found
concerning the HLA-B27, IL23R, ERAP1/2 and Proteasome assembly chaperone
(PSMG)T/ATG5 genes.* HLA-B27 belongs to the class | major histocompatibility
heavy chain complex (MHC HC) class | on chromosome 6 and presents anti-
genic peptides to T-cells. Previous performed studies evaluated the presence of
HLA-B27 and the risk of developing isolated radiographic sacrailiitis or AS in IBD
patients. Both study groups concluded that isolated sacroiliitis was not related
with the presence of HLA-B27, while AS was associated with the presence of
HLA-B27 in 25-75% of the IBD patients. This risk was even more increased in
CD patients with the presence of both ileal and colonic inflammation, imply-
ing the importance of the extension of the inflammation.“>* Another study
determined the presence of the MHC class | chain-like gene A (MICA) in CD
patients and patients with peripheral arthritis, subdivided into two subtypes;
type 1 (oligoarticular) or type 2 (polyarticular). MICA interacts with T-cells of
the intestinal immune stystem and induces cellular activation in conditions of
cellular stress. This gene is in tight linkage disequilibrium with HLA-B (including
HLA-B27 and HLA-B44) located on chromosome 6. Patients with a HLA-B44 or
HLA-27 genotype were at risk of developing CD or AS.** An association was
found in patients with polyarticular peripheral arthritis between the MICA*008
allele and the presence of HLA-B44. Furthermore, there was an association
between MICA*007, HLA-B27 and having oligoarticular peripheral arthritis. In
IBD patients, no association was described between M/CA and CD. However,
they found a link between the presence of the MICA*007 allele and UC.#647
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The ATGT6LT, immunity-related GTPase family M (/RGM) and microtubule-asso-
ciated proteins 1A/1B light chain (MAPTLC)3A genes are involved in autophagy in
response to intracellular pathogens. Ciccia et al. determined the association of
the expression of the ATG16L1, IRGM, MAP1LC3A genes and increased IL-23p19
mMRNA levels in the ileum of both CD and AS patients with chronic inflammation
in the intestine. Furthermore, misfolded HLA-B27 accumulation was present
in the intestine of patients with AS based on the presence of free heavy chains
(HCs) co-localized with a lack of E3 ubiquitin-protein ligase (SYVNT). SYNV1
encodes the protein involved in endoplasmic reticulum (ER)-associated degra-
dation and removes unfolded proteins, increased during ER stress.84

Besides HLA-B27 involvement in SpA and IBD, the IL-23/Th-17 pathway is pres-
entin both diseases. IL-23 stimulates the differentiation of Th17. Binding of the
IL-23 to the /L-23R complex stimulates the JAK2 gene *"*° This gene transduces
cytokine induced signals and activate STAT genes via the JAK/STAT pathway. This
pathway results in DNA transcription and the expression of genes involved in
immunity, proliferation, differentiation and apoptosis.’ STAT3 and STAT4 both
affect the Th-17 pathway in AS independently of /L-23R and the association
between STAT3, STAT4 and the Th-17 pathway has been described in the liter-
ature as a component of the common genetic pathway between AS and IBD
patients.>>>* JAK2 seems only associated with CD, but not with AS.>?

Davidson et al. described also the association of ERAPT and the development
of AS patients. ERAPT is responsible for the processing of peptides within the
endoplasmic reticulum to optimal length for MHC class | presentations and
the cell surface receptors for pro-inflammatory cytokines.>> Additionally, Tsui
et al. reported that the combination of having the ERAPT and HLA-B27 gene
provides the most increased disease risk factor for the development of AS.>®
SNP rs2549794 in the ERAP2 gene has been reported in the literature as a
predisposing factor the presence of CD.*

The Fc receptor-like 3 (FCRL3) gene encodes the FCRL3 protein that also may
play a role in the regulation of the immune system of IBD patients and muta-
tions have been associated with rheumatoid arthritis (RA).>® The presence of
this gene is recently described in CD patients with peripheral joint complaints.
Especially the AA genotype at -110G>A was correlated with both peripheral
arthritis and arthralgia, although this association was less strong for arthralgia



probably due to subjective clinical diagnosis of arthralgia or the different patho-
physiology between arthritis and arthralgia.*

NOD2, also known as CARD15 is a gene located on chromosome 16. NOD2
identifies peptidoglycans from bacterial cell wall components and stimulates
an uncontrolled immune reaction to enteric bacteria.®® Ferreirds-Vidal et al.
determined whether mutations in the NOD2 gene were associated with CD
and AS and concluded that this gene did not contribute to the development of
AS, indicating that differences are present between AS and CD patients.®! This
discrepancy may be caused by different bacteria involved or the type of cytokine
response in the disease process. However, Peeters et al. described that CARD15
variants were a significant predictor for developing sacroiliitis in CD patients.®?

INTESTINAL MICROBIOME

The effects of the intestinal microbiota and the presence of inflammation is a
recurring topic in present research. Microbiota in the intestine is described as
the microbiome. Microbiota is acquired after birth and may be influenced by
early infection, parenteral nutrition or antibiotic use in infancy and may induce
autoimmune diseases such as SpA-related diseases including arthropathies
in IBD. In CD, loss of clostridial commensals including Faecalibacterium and
Roseburia which promotes gut homeostasis, have been found to be associated
with active inflammation in the intestine.®® Previous studies in IBD showed the
association of Escherichia coli (E. coli) and the presence of this inflammatory
disease.®®> Changes of intestinal bacteria may change the mucosa leading to
an increase of antigen and immune response. Dorofeyev et al. identified that
different bacteria including the Enterobacter, Staphylococcus, Klebsiella and
Proteus were more often present in UC patients with joint complains compared
with UC patients without joint complaints and healthy controls. In approxi-
mately 95% of the UC patients with joint complaints two or more types of
bacteria were present in the bowel.** Furthermore, the IgG response against
the outer membrane proteins of the Klebsiella was detectable in AS patients.®
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SEROLOGY

Previous research has shown the existence of antibodies in the serum in both
IBD and SpA patients and demonstrates the common pathophysiology. Wallis et
al. examined the presence of different serological antibodies including anti-Sac-
charomyces cerevesiae (ASCA), anti-neutrophil cytoplasmic antibodies (ANCA),
anti-Eschericia coli outer membrane porin C (anti-OmpC) and anti-flagellin (anti-
CBir1)in IBD and AS patients. ASCA is an antibody influencing the cell wall of the
yeast Saccharomyces cerevisiae, ANCA is directed against antigens in the cyto-
plasm of neutrophil granulocytes and monocytes. IBD patients with AS showed a
higher positivity rate of these biomarkers compared with AS patients and patients
with back pain only. In addition, positivity rates for anti-CBir1 and ANCA were
higher in AS patients compared with patients with back pain, but anti-OmpC
levels did not differ between these two groups.® Feces calprotectein (fCAL) is a
protein and can be detected in the stool of IBD patients as a result of neutrophil
migration in the gut due to inflammation. Levels of fCAL correlate with the degree
of gut inflammation. Increased fCAL levels have been seen in AS patients without
signs or symptoms of IBD. Furthermore, a correlation has been found between
fCAL-positive AS patients and IBD specific serological biomarkers including ANCA,
anti-CBir1, anti-OmpC, ASCA IgG and IgA and thus suggest the possible genetic
link between IBD and AS patients whose disease might me induced by subclinical
bowel inflammation.®’””’" So far, there is no clinical value to detect RA biomarkers
including IgM rheumatoid factor (IgM-RF), IgA-RF, anti-cyclic citrullinated peptide
2 (anti-CCP2), anti-cyclic citrullinated peptide 3.1 (anti-CCP3.1) and anti-carbam-
ylated protein (anti-CarP) in IBD patients with arthropathies.” This implies that
the immuno-pathogenesis of arthropathies in IBD differs from RA patients.

ENVIRONMENT

The development and presence of IBD is not only due to immunological,
genetic, microbiotical and serological factors, but comprises also environ-
mental aspects. The worldwide increase of IBD, also in countries where IBD
previously was considered uncommon, indicates the effect of the environment
on the development of the disease for example due to industrial revolution
causing changes in lifestyle and air pollution. Thia et al. assessed that NO2
exposure was correlated with an increased risk of CD, while SO2 was corre-
lated with an increase of UC.”?In SpA patients, SO2 was associated with a SpA



disease activity outburst.”* Zeboulon-Ktorza et al. determined dust exposure
as an environmental factor relating with an increased Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI), a validated scoring system applicable
for AS patients to assess patient reported disease activity.”

The classic environmental risk factor for developing CD is smoking and the
literature has shown that CD patients who stopped smoking encountered
less CD activity within 1 year. In contrast to CD, cigarette smoking seems to
be protective for the development of UC.7¢77 Also in SpA patients, smoking
increases the disease activity and worsens radiographic outcomes.’®

The active variant of vitamin D (Talpha,25-dihydroxyvitamin D3 (1,25[0H],D.))
appears to have an immunologic role on the innate immune system by the
increased expression of inflammatory cytokines in the colon leading to coli-
tis.”®80 Patients with early diagnosed axial SpA reported severe vitamin D
deficiency. This vitamin D deficiency was associated with disease activity and
the existence of the metabolic syndrome.®

Furthermore, an association has been found in the literature between stress
and an increased IBD disease activity.®28 Stress seems also to be a likely
triggering factor for the development of SpA.”>Knowing these environmental
factors influencing the presence of the disease or the disease activity, may be
interesting for treatment options in the clinic.

CONCLUSION

In summary, this review provides an insight of the common pathophysiology
and identifies the complex interplay between IBD and SpA. Several suggestions
for the linkage between gut and joint inflammation have been put forward
including the efficacy of anti-TNF therapy on clinical and laboratory outcomes
in both SpA and IBD patients and the presence of the IL-23/IL-17 pathway in
both diseases; the comparable up-regulation of IL-23 synthesis and the stim-
ulation of Th-17 differentiation by IL-23 increase, activating STAT3 and STAT4
genes via the JAK/STAT pathway in both IBD and AS causing over-activation
of the immune response resulting in apoptosis and chronic inflammation.
Furthermore, the association between the presence of HLA-B44 and HLA-B27
and CD and/or AS was assessed. Also, increased ANCA, ASCA, anti-OmpC and
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anti-CBir1 biomarkers were found in the serum of IBD patients with AS com-
pared with AS patients only. In addition, increased serum levels for anti-CBir1
and ANCA were determined in AS patients compared with healthy controls
indicating the presence of IBD serological biomarkers in AS patients. In both IBD
and SpA, smoking, stress and dust exposure seemed to be factors associated
with the presence of these inflammatory diseases. This review provides clinical,
genetic, immunological, serological and environmental evidence supporting
the overlap between gut and joint inflammation.
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ABSTRACT

Background: Peripheral joint complaints (pJTC) and chronic back pain (CBP) are
the most common extra-intestinal manifestations in patients with inflammatory
bowel disease (IBD). This prospective study evaluates variables associated with
joint/back pain, including IBD disease activity.

Methods: IBD patients with back pain = 3 months and/or peripheral joint pain/
swelling (n=155), and IBD patients without joint complaints (n=100; controls),
were followed for a period of one year. Patients were classified as having
SpondyloArthritis (SpA) according to several sets of criteria. Statistical analysis
included logistic regression models and linear mixed model analysis.

Results: Of the 155 patients with joint/back pain, 13 had chronic back pain, 80
peripheral joint complaints and 62 axial and peripheral joint complaints. Smok-
ing, female gender and IBD disease activity were independently associated with
IBD joint/back pain. The ASAS criteria for axial and peripheral SpA were fulfilled
in 12.3% of patients, with 9.7% (n=15) receiving a rheumatologic diagnosis of
arthritis. During the 12-month follow-up, the majority of the amount of patients
reporting joint/back pain remained stable.

Conclusion: In our cohort, the majority of IBD patients reported joint/back pain
and SpA was relatively common. To facilitate effective care, gastroenterologists
should be aware of the various features of SpA to classify joint complaints and
by making use of an efficient referral algorithm to refer CBP patients to the
rheumatologist.



INTRODUCTION

Arthropathies are the most common extra-intestinal manifestations (EIMs)
of inflammatory bowel disease (IBD), affecting approximately 30% of the
patients.”? Symptoms may be debilitating and have a considerable impact on
quality of life.>* IBD-associated arthropathies can be divided into inflammatory
and non-inflammatory joint pain and may involve both axial and peripheral
joints. Non-inflammatory joint pain, or arthralgia, is one of the most common
complaints in daily IBD practice, but has not yet been studied systematically.?
Joint and back pain (hereafter referred to as “joint/back pain”) are the most
important clinical manifestations of IBD-associated arthropathies.

For the gastroenterologist, joint/back pain can be challenging symptoms to
diagnose and many have difficulties in differentiating arthralgia from arthri-
tis. Since gastroenterologists are, in general, unfamiliar with the diagnosis and
management of joint/back pain, it seems warranted that IBD joint complaints
should be classified according to existing rheumatologic standards, thus allow-
ing appropriate multi-disciplinary management. Moreover, gastroenterologists
mostly apply the Oxford criteria® to classify peripheral joint complaints based
on two different types according to articular involvement. Type 1 (oligoarticular)
peripheral arthritis included patients with less than five joints involved, evidence
of joint swelling and acute, but self-limiting attacks. Type 2 (polyarticular) periph-
eral arthritis included patients with five or more symmetrical affected joints,
joint swelling and a chronic character. Although the Oxford criteria distinguish
these two types of peripheral joint complaints, this classification has limited
utility for the physician in daily clinical practice. More importantly, these criteria
are only applicable to arthritis and not arthralgia. Rheumatologists therefore
generally ignore the Oxford criteria and classify arthritis associated with IBD
within the group of SpondyloArthritis (SpA) disorders.® SpA is a group of rheu-
matic diseases characterized by inflammation of the spine and the sacroiliac (SI)
joints. This often results in pain and/or stiffness of the spine and neck. Besides,
inflammation may affect other regions including the peripheral joints, tendons,
eyes, skin and/or gut.

In order to develop a multi-disciplinary care pathway for IBD patients with joint
complaints, we rigorously characterized peripheral joint complaints (pJTC) and
chronic back pain (CBP) according to SpA criteria sets. In addition, we sought
to determine which variables were associated with the onset of IBD joint com-
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plaints and which predicted long-term outcome. With this aim in mind, we
carried out a prospective, longitudinal follow-up study of IBD patients with back
pain and/or peripheral joint complaints.

METHODS

Study population

From July 2009 to February 2010, all IBD patients visiting the IBD outpatient
clinic of the department of Gastroenterology and Hepatology of the Leiden
University Medical Center (LUMC), the Netherlands, were asked to complete a
questionnaire to assess the presence of joint complaints. The questions con-
cerned experience of: (1) CBP, defined as back pain for > 3 months, (2) CBP for
>3 months during the last year, (3) current pJTC (pain and/or joint swelling) and
(4) pJTC during the last year. Patients with self-reported joint/back pain were
then invited to attend the JOINT outpatient clinic, a multidisciplinary clinic ded-
icated to IBD patients with joint complaints. This clinic was jointly established
by the department of Gastroenterology and Hepatology and the department
of Rheumatology with the aim of expanding knowledge of IBD joint complaints,
especially in the area of diagnosis and medical management. Patients with evi-
dentjoint swelling and/or radiologic proven sacrailiitis were directly referred for
rheumatologic care. All IBD patients without joint/back pain during the previous
year served as controls and were also invited to attend the multidisciplinary
clinic. To avoid that high inclusion rates would influence the quality of patient
care and since only one clinical researcher was able to perform physical and
rheumatologic examination, inclusion was limited to 255 patients. The study
was approved by the institutional medical ethical committee of the LUMC and
patients signed a written informed consent prior to study enrolment.

Study design and data collection

All'IBD patients with and without self-reported joint/back pain, who signed
informed consent, were seen at the JOINT outpatient clinic at study inclusion
and at 1 year follow-up. During the 12-month study period, patients were asked
to complete monthly questionnaires assessing IBD disease activity and spine
and/or peripheral joint scores. When no response was received within one
week a reminder email or letter was sent out, followed by a telephone call.



During the baseline visit, a routine medical history was taken and data of all par-
ticipants on extra-intestinal manifestations were collected, including common
IBD-related eye and skin manifestations, such as acute anterior uveitis and
erythema nodosum. The musculoskeletal history included back pain, enthesitis,
arthritis and dactylitis. The family history included IBD, SpA (including ankylos-
ing spondylitis (AS)), acute anterior uveitis, psoriasis and reactive arthritis. In
addition to the routine physical examination, a rheumatologic examination was
performed in all IBD patients by a well-trained clinical researcher, including a
detailed assessment of the number of tender and swollen joints. Furthermore,
the presence of dactylitis was registered and enthesitis was assessed using the
Maastricht Ankylosing Spondylitis Enthesitis Score (MASES) index.” Assessment
of spinal mobility was performed using the modified Schober test, lateral spinal
flexion, cervical rotation, occiput-to-wall distance (OWD), chest expansion and
the intermalleolar distance.® The Bath Ankylosing Spondylitis Metrology Index
(BASMI) was calculated, ranging from 0-10.° In the BASMI, the tragus-to-wall
distance is used and derived from the OWD by adding 8 cm. The value zero in
the OWD is equivalent to a score of zero in the BASMI calculation. The higher
the BASMI score, the more severe the patient’s limitation of axial movement.
Spinal disease activity and function was assessed using the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)'® and the Bath Ankylosing Spondy-
litis Functional Index (BASFI)."" Laboratory assessments included ESR and CRP.
HLA-B27 was only typed in patients with CBP and/or peripheral joint complaints.
Radiographs of the pelvis (anterior-posterior view), the lumbar and cervical
spine (lateral view) and radiographs of the most painful peripheral joints were
performed in patients with joint/back pain.

Following the baseline assessment, patients were categorized into two study

groups:

1. Patients with joint/back pain: CBP for > 3 months and/or pJTC currently or
during the previous year.

2. Patients without joint/back pain: no back pain and/or pJTC during the pre-
vious year.

Definitions

a.  Crohn's Disease (CD) disease activity was assessed according to the Harvey
Bradshaw Index (HBI)'?; Ulcerative Colitis (UC) disease activity was assessed
using the Simple Clinical Colitis Activity Index (SCCAI)."*> A score > 4 reflects
active disease.
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b. Arthralgia was defined as joint pain without swelling; arthritis as joint pain
with swelling.

c. Overall and nocturnal pain of the spine and peripheral joint pain during the
previous week was separately scored on an 11-point numeric rating scale
(NRS) ranging from O (no pain) to 10 (worst possible pain).™

d. Disease activity of the spine and disease activity of the peripheral joints
during the previous week was scored, separately, on an 11-point NRS
where 0 is inactive disease and 10 is extremely active disease.

e. Patients were classified as SpA according to the Amor'®, European Spon-
dyloarthropathy Study Group (ESSG)'®, Assessment of SpondyloArthritis
international Society (ASAS)""® and modified New York (mNY) criteria."®

SpA classifications

In short, the Amor criteria for SpA consist of a scoring system of 8 clinical fea-
tures (1-2 points per feature), radiographic sacroiliitis (3 points), HLA-B27 (2
points) and a good response to non-steroidal anti-inflammatory drugs (NSAIDs)
(2 points). IBD is one of the clinical features receiving 2 points. A score of 6 or
more classifies a patient as having SpA. In the ESSG criteria, patients with IBD
and inflammatory back pain (according to the ESSG standard) and/or arthritis
(past or present asymmetric arthritis or arthritis predominantly in the lower
limbs) are classified as SpA. ASAS developed two SpA criteria sets to classify
patients with predominantly axial SpA (axSpA) and with predominantly periph-
eral SpA (pSpA). Patients with IBD and CBP for > 3 months and age at onset of
back pain < 45 years can be classified as axSpA if sacroiliitis on radiograph or
MRl is present and/or if HLA-B27 with at least one other SpA feature is present.
An IBD patient with arthritis (usually predominantly lower limbs and/or asym-
metric arthritis), enthesitis or dactylitis should be classified as pSpA. According
to the mNY criteria, patients with AS based on radiographic sacroiliitis and the
clinical criteria CBP for > 3 months are classified as SpA (see Supplementary
data for further details).

Statistics

Continuous variables were described with mean + standard deviation (SD) and
categorical variables as proportions with percentages. T-tests were used for
comparing continuous variables among the two study groups and Fisher exact
and Chi-square tests were used for comparing categorical variables. Logistic
regression models, with joint/back pain as the dependent variable, were used
to assess variables associated with joint/back pain in IBD. First, univariate anal-



yses were performed for several variables, including age, gender, type of IBD,
IBD-associated surgery, active IBD (HBI or SCCAI > 4), smoking, family history
for SpA, and cutaneous, ocular and joint manifestations. Second, variables with
a statistical level of p < 0.1 in the univariate analyses were included in the mul-
tivariate analyses. Linear mixed model analyses were performed to investigate
whether IBD disease activity is associated with a worsening (e.g. an increased
score) in the following items throughout follow-up: 1) disease activity of the
spine; 2) general and nocturnal pain of the spine; 3) disease activity of the
peripheral joints; 4) general and nocturnal pain of the peripheral joints. Patients
were included as random variables, time points and IBD disease activity as fixed
variables, and the outcome measures as dependent variables. All analyses were
performed using SPSS version 20. P-values <0.05 were considered significant.

RESULTS

Patients

In total, 510 IBD patients completed the questionnaire on joint complaints at
the IBD outpatient clinic of the LUMC: 321 patients with Crohn's disease (CD),
186 with ulcerative colitis (UC), and 3 with indeterminate colitis (IC). Of these,
310 (60.8%) patients reported joint complaints: 12% back pain only, 54% pJTC
only and 34% both (Figure 1). The percentage of patients complaining about
joint pain was highest in CD (65%) compared to UC (49%). Subsequently, since
only one clinical researcher was well-trained in the assessment and exami-
nation of joint complaints, inclusion was limited to 255 patients (50%). These
255 IBD patients signed informed consent and attended the multidisciplinary
clinic, of whom 155 (60.1%) were assigned to the study group with joint/back
pain, while 100 (38.8%) patients without joint/back pain served as controls. The
clinical and demographic characteristics of all patients are presented in Table 1.
For 80-84% of patients, the onset of CBP and pJTC followed the IBD diagnosis
and was on average more than a decade after diagnosis, with a trend towards
pJTC starting a few years earlier than CBP (Table 1). Only 16-20% developed
joint/back pain prior to the diagnosis of IBD. Patients with IBD and joint/back
pain were more often diagnosed with CD (p=0.03), were more frequently female
(p=0.001), were more often smokers (p=0.001), were more likely to have cuta-
neous manifestations (psoriasis, erythema nodosum, pyoderma gangrenosum)
(p=0.04) and acute anterior uveitis (p=0.02) compared to patients with IBD
without joint/back pain. The Montreal classification did not reveal subtypes
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more prone for developing joint/back pain. In addition, previous IBD-related
surgery or a family history of SpA was not associated with the development of
joint/back pain.

Of the 155 patients with joint/back pain, 80 patients (51.6%) reported pJTC only,
13 patients (8.4%) reported CBP only and 62 patients (40.0%) reported axial as
well as peripheral joint involvement (Table 2). Over 50% of pJTC patients reported
the hand (32.5%) and the knee (17.5%) as the most frequently affected joints,
while 80.0% of patients reported involvement of more than one joint. At physical
examination, 98 (63.2%) patients had > 1 tender joint(s), while 48 (31.0%) patients
had > 1 tender pressure point for enthesitis. Only 52 IBD patients with evident
joint swelling and signs of inflammation seen during rheumatologic examination
or on the radiographs were referred to the rheumatologist. Based on physical
examination performed by the rheumatologist, fifteen patients (9.7%) were diag-
nosed with arthritis and all could be classified as showing type 1 peripheral joint
complaints according to the Oxford criteria. In addition, 1 (0.7%) patient was
diagnosed with dactylitis, 1 (0.7%) patient with enthesitis and 2 (1.4%) patients
with tendinitis. Following radiographic assessment of all 75 CBP patients, 5
patients (6.7%) showed sacroiliitis and 1 patient was diagnosed with diffuse idio-
pathic skeletal hyperostosis (DISH) of the lumbar spine. In total, 136/155 (87.7%)
patients with self-reported joint/back pain were diagnosed with arthralgia. The
mean BASDAI and mean BASFI of CBP patients were 3.1 (SD 1.9)and 2.2 (SD 1.9),
respectively. The mean BASMIin pJTC patients with CBP was higher compared to
pJTC patients without CBP: 1.7 (SD 0.9) vs. 1.4 (SD 0.8), p=0.03.

Univariate analysis showed that CD (p=0.002), female (p=0.001), smoking
(p=0.002), IBD disease activity (p<0.001), cutaneous manifestations (p=0.02)
and acute anterior uveitis (p=0.003) were associated with an increased odds
ratio (OR) for joint/back pain (Table 3). In the multivariate analysis, the variables
female (OR 1.97 (95%Cl 1.10-3.53), p=0.02), smoking (2.28 (95%CI 1.10-4.75),
p=0.03) and IBD disease activity (OR 4.07 (95%Cl 2.23-7.45), p<0.001) remained
independently associated with IBD joint/back pain.

Classification

Overall, IBD patients with CBP had on average 1.7 SpA features, pJTC patients
1.4, while IBD patients with both CBP and pJTC had on average 2.3 different SpA
features. Based on the various SpA features (Table 2), 155 patients with joint/
back pain were classified according to the SpA criteria sets. In total, 28 out of



the 155 patients (18.1%) conformed with more than one classification criteria
set, while 63 (40.6%) patients fulfilled any of the SpA criteria sets: 32 (20.6%)
patients fulfilled the Amor criteria, 52 (33.5%) patients fulfilled the ESSG criteria,
including 37 (71.2%) in the inflammatory back pain arm, 10 the peripheral arm,
and 5 both arms. Nineteen (12.3%) patients fulfilled the recently developed
ASAS criteria, 6 met the axSpA criteria and 15 met the pSpA criteria (Figure
2). Four (2.6%) patients fulfilled the mNY criteria for AS. These 4 patients also
fulfilled the Amor, the ESSG and the ASAS criteria for axial SpA. There were no
differences in gender and type of IBD between patients fulfilling any of the SpA
criteria sets compared to those who did not fulfil any of the SpA criteria sets
(data not shown).

Follow-up

In total, 242/255 (94.9%) patients were seen at the 12-month visit of the joint
outpatient clinic (Figure 3); 98 patients without and 144 patients with joint/
back pain. Five of 98 patients without joint complaints at baseline developed
joint complaints without symptoms or signs of disease activity, while 12 of 144
patients with joint complaints at baseline reported a cessation of joint/back pain
at 12 months. Five of the 136 (3.7%) patients with arthralgia at visit 1 developed
arthritis, 1/136 (0.7%) developed enthesitis and 1/136 (0.7%) developed tend-
initis during the 12-month follow-up period.

A total of 245/255 (96.1%) patients completed all 12 questionnaires to assess
IBD disease activity and spine and/or peripheral joint scores: 148/155 patients
with and 97/100 patients without joint/back pain. A total of 122/148 (82.4%)
IBD patients with joint/back pain completed > 7 questionnaires in which they
reported the course of their IBD disease activity and joint complaints in the
12-month follow-up. Of these 122 patients with joint/back pain in the follow-up
period, IBD disease activity was continuously in clinical remission in 31.1% of
patients, compared to 36.9% with continuous IBD disease activity and 32.0%
with intermittent IBD disease activity. Smokers with CD appeared to be prone
to developing continuous IBD disease activity, although the difference was not
significant (p=0.08). In patients with joint/back pain, the HBI scores for general
well-being (p=0.002), abdominal pain (p=0.025), diarrhoea (p<0.001), aphthous
ulcers (p=0.03) and the SCCAI score on nocturnal pain (p<0.001) all affected
IBD disease activity compared to IBD patients in continuous clinical remission.
Patients with continuous IBD disease activity were more likely to be referred to
the rheumatologist (p=0.04) for their joint complaints.
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The linear mixed model analyses demonstrated that IBD disease activity was
significantly associated with higher scores for disease activity of the spine, pain
and nocturnal pain of the spine, disease activity of the peripheral joints, and
pain and nocturnal pain of the peripheral joints over time, with a range of
regression coefficients estimated between 0.47-1.52 (all p<0.05). Thereafter, we
also included type of IBD and gender as fixed factors. CD was only significantly
associated with higher scores for pain and nocturnal pain of the peripheral
joints (regression coefficients ranged from 0.96-1.00, p<0.05). Gender had no
significant effect.

DISCUSSION

Since gastroenterologists are not used to the diagnosis and management of
joint/back pain, a multidisciplinary approach in co-operation with rheumatol-
ogists is necessary.

In this prospective study, 255 IBD patients attended the multidisciplinary IBD
JOINT outpatient clinic, including 155 with and 100 without joint/back pain. The
patients in the former category reported joint pain, back pain or both and we
characterized these complaints in depth. In our cohort, IBD patients reporting
joint/back pain were more likely to be diagnosed with CD, were more commonly
female, smokers and showed more often cutaneous manifestations and acute
anterior uveitis compared to patients without arthropathies. Female gender,
smoking and IBD disease activity were independently associated with joint/
back pain in IBD. Moreover, IBD disease activity was significantly associated with
pain and disease activity of the spine and peripheral joints over time. Although
joint/back pain is frequently encountered in IBD patients'>'“?%?", only 12.3%
fulfilled the ASAS criteria for SpA, which are most often used in clinical trials.??
During the 12-month follow-up, the majority of patients showed no change in
the presence or absence of joint/back pain. Based on an HBI or SCCAI score
above 4, approximately 37% of the joint/back pain patients reported continuous
IBD disease activity. A possible explanation for the high proportion described in
previous studies?*#is that the bulk of the HBI score is due to diary card items
(pain, diarrhoea and general well-being). Because the remaining index items
(arthralgia, for example) make a proportionately smaller contribution, this may
eventually lead to artificially elevated HBI scores. Van der Have et al. showed
in this cohort that joint/back pain in IBD patients has a significant negative



impact on quality of life (QoL) and work productivity. This difference remained
significant during the follow-up of 12 months.2

Gastroenterologists should differentiate SpA patients from non-SpA patients
to make a distinction between the patients that should be referred to a rheu-
matologist and the patients that should remain under supervision of the
gastroenterologist. This differentiation may be aided through the use of classi-
fication criteria based on the SpA features. Although classification criteria are
not intended for use to diagnose SpA in clinical practice, the value of applying
classification criteria is to distinguish typical cases of a particular disease using
a standardized diagnostic process. Items in classification criteria reflect the
essential features of a disease.?’

Different SpA criteria were evaluated in this study and the finding that more
patients complied the ESSG criteria compared to the ASAS and Amor criteria
can be attributed to the high number of IBD patients fulfilling the inflammatory
back pain criteria according to the ESSG criteria set of criteria. Recent studies by
van den Berg et al.?8 reported that the ASAS criteria for SpA outperformed the
ESSG and Amor criteria. However, this is in contrast with the results described
by Cheung et al.?, where the ASAS criteria failed to perform better in compari-
son with the Amor and ESSG criteria. A possible explanation for these opposing
results is the difference in disease duration in the described cohorts. The longer
the disease duration, the more likely it is that symptoms develop.*

In our opinion, the ASAS criteria represent the most practical system with which
to classify axial and peripheral SpA and are thus particularly applicable in the
clinic, because based on this approach, all the subtypes of SpA will be recog-
nized as a distinct disease. In total, 12.3% of patients fulfilled the ASAS criteria
for axial and peripheral SpA and should be referred to a rheumatologist. How-
ever, the number of patients classified as having axial SpA by the ASAS criteria
is probably an underestimate in this study, because the axial SpA has not been
proven by MRI.

Gastroenterologists need an efficient referral algorithm that can be applied to
IBD patients with CBP. In total, 75 patients had CBP, although not all of them
were suspicious for axial SpA. Based on the Berlin algorithm?', we propose a
modified referral algorithm for IBD patients with suspected axial SpA that can
be utilized by gastroenterologists in the clinic to distinguish patients with a high
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probability of axial SpA from low risk patients (Figure 4). This proposed algo-
rithm should be validated in future studies in an IBD cohort with joint/back pain.

Orchard et al. proposed the Oxford criteria for IBD patients with peripheral joint
complaints. These criteria are often used by gastroenterologists since they are
unfamiliar with the diagnosis and management of joint/back pain in patients
with IBD.> However, rather than using the Oxford criteria, which mainly focus
on peripheral joint complaints, joint/back pain in IBD patients is best catego-
rized into SpA and non-SpA. This is also emphasized in our cohort, with only 15
patients (9.7%) fulfilling the Oxford criteria. Use of the Oxford criteria increases
the chance that SpA patients with an axial component will be neglected.
Patients who do not fulfil the arthritis criteria can be classified as having arthral-
gia. Like most of the IBD patients with joint/back pain, these patients remain
under the supervision of a gastroenterologist. As few gastroenterologists have
the necessary expertise to correctly manage joint/back pain, an arthralgia treat-
ment algorithm is also needed. Joint pain influences patient QoL and a better
understanding of disease aetiology contributes to a better QoL.?¢ Therefore,
patients with arthralgia should be informed and educated about their symp-
toms. For example, smoking is independently associated with joint/back pain
and thus patients should be aware that smoking increases the risk of devel-
opment of joint complaints. Besides providing adequate information, effective
interventions should be recommended. Physiotherapy is one intervention that
can maintain or stimulate the flexibility of the joints without adverse effects.
Studies have demonstrated the effectiveness of physiotherapy in patients with
joint/back pain and the subsequent improvement of mobility of the joints.3>34
Due to the common inflammatory pathways and the role of cytokines in IBD
and arthropathies, IBD-related medication may also have a positive effect on
joint complaints.®

We have shown that joint/back pain is correlated with IBD disease activity. Thus,
a 'treat to target’ strategy, including mucosal healing, could prove valuable in
controlling symptoms of joint/back pain.?¢’ Future studies should evaluate the
impact of mucosal healing on IBD-related joint/back pain.

In conclusion, proper classification and management of joint/back pain is a
challenging task for gastroenterologists. Classification should be performed
using existing rheumatologic standards to further enhance multidisciplinary
management in SpA positive patients. Future approaches to IBD-associated



joint/back pain should include care pathways guided by treatment algorithms
applicable to the daily practice of the gastroenterologist.

CHAPTER 3
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TABLES AND FIGURES

Table 1. Clinical and demographic characteristics of the study population at baseline.

IBD with joint/ IBD without joint/ P-value
back pain (n=155) back pain (n=100)
Type of IBD, n (%)
Crohn'’s disease 121 (78.1) 65 (65.0) 0.03
Ulcerative colitis 34(21.9) 35 (35.0)
Male, n (%) 46 (29.7) 51(51.0) 0.001
Age at inclusion (years), mean + SD 434 +£13.6 42.7+£13.5 0.71
Age of IBD onset (years), mean + SD 275+11.3 26.0+10.0 0.28
IBD disease duration (years), mean + SD 154+11.8 16.2+11.0 0.56
Arthropathy onset in relation to IBD diagnosis
CBP 84% after/16% before -
pJTC 80% after/20% before -
Arthropathy onset after IBD diagnosis (years)
CBP in CD(n=46)/UC(n=17) 14.7 £12.6/17.8 £ 10.5(ns) -
pJTC in CD(N=86)/UC(n=26) 11.6+£10.5/13.0£9.6 (ns) -
Smoker, n (%) 47 (30.0) 13(13.0) 0.001
Montreal classification
Location CD, n (%) n=121 n=65 0.06
L1 ileal 34(28.1) 12(18.5)
L2 colonic 27 (22.3) 13 (20.0)
L3 ileocolonic 52 (43.0) 31 (47.7)
L4 upper - 2(3.1)
L1-3+L4 8(6.6) 7(10.8)
Behaviour CD, n (%) 0.07
B1 non-structuring/penetrating 77 (63.6) 32(49.2)
B2 structuring 24 (19.8) 14 (21.5)
B3 penetrating 20(16.5) 19 (29.2)
+ Perianal disease 37 (30.6) 18 (27.7)
Extension UG, n (%) n=34 n=35 0.23
E1 ulcerative proctitis 5(14.7) 2(5.7)
E2 left sided UC 13(38.2) 10 (28.6)
E3 extensive UC (pancolitis) 16 (47.1) 23 (65.7)
IBD-related surgery, n (%) 68 (43.9) 39 (39.0) 0.44
Family history SpA, #n (%) 45 (29.0) 29 (29.0) 1.0
Extra-intestinal manifestations, ®n (%)
Skin 27 (17.4) 7(7.0) 0.04
Eye 22 (14.2) 5(5.0) 0.02
Current medication use, n (%)
5-ASA (mesa, sulfa) 24.(15.5) 27 (27.0) 0.03
Steroids 11(7.1) 3(3.0) 0.16
Immunosuppressive drugs (Aza/6MP/MTX) 34 (21.9) 21(21.0) 0.86
Anti-TNF 42 (27.1) 30(30.0) 0.61
None 44 (28.4) 19(19.0) 0.09

2Family history SpA: AS, reactive arthritis, psoriasis, IBD, uveitis all according to the definition of the ASAS criteria;
®Skin: psoriasis, erythema nodosum, pyoderma gangrenosum. Eye: acute anterior uveitis.



Table 2. Characteristics of 155 IBD patients with self-reported joint and/or back pain.

Chronic Back  Peripheral joint Both (n=62) P-value
Pain (n=13) complaints (n=80)
Type of IBD, n (%) 0.61
Crohn’s disease 10(76.9) 65 (81.3) 46 (74.2)
Ulcerative colitis 3(23.1) 15(18.8) 16 (25.8)
Male, n (%) 6 (46.2) 21(26.3) 19 (30.6) 034
Age at inclusion (years), mean + SD 382 +138 419+135 46.2+13.2 0.06
Age of IBD onset (years), mean + SD 27.0+£14.0 33.0+11.6 48.0+13.5 0.25
IBD disease duration (years), mean + SD 21.0+£19.8 33.0+77.2 6.0+6.7 0.21
Location (most painful) peripheral joints, n (%) 0.16
Shoulder - 10(12.5) 6(9.7)
Elbow 10 (12.5) 2(3.2)
Wrist - 9(11.3) 7(11.3)
Hand (MCP-PIP-DIPs) = 26 (32.5) 22 (35.5)
Hip - 1(1.3) 4(6.5)
Knee = 14(17.5) 17 (27.4)
Ankle = 6(7.5) 1(1.6)
Feet - 4(5.0) 3(4.8)
Distribution, n (%) 0.22
Monoarticular - 16 (20.0) 6(9.8)
Oligoarticular - 32 (40.0) 30 (48.3)
Polyarticular - 32 (40.0) 26 (41.9)
SpA features, n (%)
Arthritis @ 0(0.0) 8(10.0) 7(11.3) 0.45
HLA-B27 positive (n=150) 0(0.0) 1(1.3) 6(9.7) 0.15
Positive family for SpA 5 (38.5) 20 (25.0) 18 (29.0) 0.59
Inflammatory Back Pain 5(38.5) - 37 (59.7) 0.001
Psoriasis @ 2(15.4) 7(8.8) 5(8.1) 0.71
Dactylitis * 0(0.0) 1(1.3) 0(0.0) 0.62
Enthesitis @ 0(0.0) 0(0.0) 1(1.6) 0.47
Uveitis @ 1(7.7) 10(12.5) 9(14.5) 0.78
Preceding infection 0(0.0) 0(0.0) 0(0.0) -
Alternating buttock pain 3(23.1) 0(0.0) 22 (35.5) 0.001
Good response to NSAIDs (n=44) 2(15.4) 20 (25.0) 11(17.7) 0.57
Sacroiliitis on radiograph 1(7.7) 0(0.0) 4(6.5) 0.06
Sacroiliitis on MRI (n=0) - - - -
Total SpA features, n (mean) 22 (1.7) 108 (1.4) 141 (2.3)
Patients classified with SpA ®, n (%) 6 (46.2) 14 (17.5) 43 (69.4) 0.001
Elevated CRP, n (%) 1(7.7) 15(18.8) 1(17.7) 0.64
Elevated ESR (n=153), n (%) 2(15.4) 26 (32.5) 10 (16.1) 0.60

2All confirmed by a specialist; ®Based on one of the different SpA criteria.



Table 3. Logistic regression analyses of IBD patients, with the presence of
arthropathies as the dependent variable.

Univariate Multivariate
Variable n OR (95% Cl) P-value OR (95% Cl) P-value
Age (years) visit 1 255 1.0(0.99-1.02) 0.71
Gender
Male 97
Female (ref) 158 2.47(1.46-4.16) 0.001 1.97(1.10-3.53) 0.02
Type of IBD
uc 69
CD (ref) 186 1.92(1.10-3.36) 0.02 1.25(0.66-2.35)  0.51
Smoking
No 195
Yes (ref) 60  2.91(1.48-5.73) 0.002 2.28(1.10-4.75)  0.03
Active IBD disease*
No 153
Yes (ref) 103 4.61(257-8.26) <0.001  4.07(2.23-7.45) <0.001
IBD-related surgery
No 148
Yes (ref) 107 1.22(0.73-2.04) 044
Cutaneous manifestations °
No 221
Yes (ref) 34 2.80(1.17-6.71) 0.02 1.74 (0.66-4.56) 0.26
Ocular manifestation©
No 228
Yes (ref) 27  3.14(1.15-8.6) 0.03 1.83(0.61-5.48) 0.28
Family history SpA°
No 181
Yes (ref) 74 1.0 (0.57-1.74) 1.00

2 HBI or SCCAI score > 4; ® Cutaneous manifestations: psoriasis, erythema nodosum, pyoderma
gangrenosum; € Ocular manifestation: acute anterior uveitis; ¢ Family history SpA (SpondyloArthritis);
ankylosing spondylitis, reactive arthritis, psoriasis, IBD, uveitis all according to the definition of the

ASAS criteria.
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Figure 1. Patient inclusion flow chart.
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Figure 2. Venn diagram representing the overlap between the various
classification criteria for SpA.
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Patients were classified as SpondyloArthritis (SpA) according to the Amor'>, European Spon-
dyloarthropathy Study Group (ESSG)'®, Assessment of SpondyloArthritis international Society
(ASAS) (axial and peripheral SpA)'”'® and modified New York (mNY) criteria."
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Figure 3. Follow-up IBD patients.

G=u
sjuiejdwos
juiol padojenag

juiof |esayduad
pue uied yoeg

r s

juiof jesayduad

A

£6=U
uted >oeq/AuIof INOUIA

%

(uonewJoyul
10BJUOD J081100Ul |,

86=U
(1eek | Joye) Z UsIA Y

‘uoisnjoul Jayuny ou |)

Z=U JisiA dn-mojjo} ON

CHAPTER 3

Zl=u
Z€L=u alowAue

ured yoequiol ypan sjurejdwod juiofl oN
ri=u

(1eoh | Joye) Z usIA 1Y

(uonewJoyu;
JOBJUOD }08.4100Ul
Z ‘uoisnjoul Jayuny
ou G ‘MOys ouU ¥)

| L=U JISIA dn-mojjo} ON

n4 Buung N4 Buung
00L=u GGlL=u
uted yoeqzulof INOYNAN ured oeqpuiof Y

58



Figure 4. Proposal for the referral algorithm for suspected axial SpA in
patients with IBD.
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The first step for the gastroenterologist is to refer all patients with CBP to the radiologist to
examine whether sacroiliitis can be found on the anterior-posterior (AP) plain radiograph of
the pelvis. Conventional radiography of the Sl joints is recommended as first imaging method,
but in certain cases, such as young patients and those with a short symptom duration, MRI is
an alternative as first method.* The patients with an indicated sacroiliitis on the radiograph,
should be referred to the rheumatologist. In patients who are not positive for sacroiliitis of the
pelvis, the presence of different SpA features should be ascertained. A patient with > 4 SpA
features should be referred to the rheumatologist and has a high probability of having axial
SpA. Patients with fewer than four SpA features should undergo HLA-B27 testing. Patients
with a positive HLA-B27 test and 2-3 SpA features possibly have axial SpA and thus will be
referred to the rheumatologist. Patients with a positive HLA-B27 test and the presence of <
1 SpA feature should undergo MRI.2'
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ABSTRACT

Background: Biomarkers that are associated with future progression to rheu-
matoid arthritis (RA) and joint destruction have previously been discovered in
patients with arthralgia. The present study examined these RA biomarkers in
inflammatory bowel disease (IBD) patients with arthropathies.

Methods: Sera from 155 IBD patients with and 99 IBD patients without arthrop-
athies was analysed for IgM rheumatoid factor (IgM-RF), IgA-RF, anti-cyclic
citrullinated peptide 2 (anti-CCP2), anti-cyclic citrullinated peptide 3.1 (anti-
CCP3.1) and anti-carbamylated protein (anti-CarP) antibody positivity using
enzyme-linked immunosorbent assays (ELISA). The prevalence of these autoan-
tibodies in IBD patients was compared to the prevalence in RA patients.

Results: No differences were found in biomarker positivity between IBD
patients with and without arthropathies. Significantly more biomarker posi-
tivity (p<0.001) was observed in RA patients compared with IBD patients with
arthropathies. Also, smoking turned out to be significantly associated with
IgM-RF and IgA-RF positivity.

Conclusion: Our findings suggest that there is no apparent clinical value to
detect RA biomarkers in serum of IBD patients to help to identify arthropathies.



INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease char-
acterized by destructive polyarthritis, which leads to disability and increased
mortality." Early diagnosis and initiation of treatment is important in RA, since
a considerable number of patients develop irreversible joint damage shortly
after disease onset.??

Serological biomarkers, including rheumatoid factor (RF), anti-citrullinated pro-
tein antibodies (ACPA) and anti-carbamylated protein antibodies (anti-CarP),
have previously been reported to be important diagnostic markers and predic-
tive factors for the development of RA at an early stage.*'° RF is an autoantibody
directed against the Fc region of immunoglobulin (Ig)G and commonly detected
in RA, but can also be positive in patients with other autoimmune and non-au-
toimmune diseases as well as in healthy individuals.* ACPA are often detected
using assays based on cyclic citrullinated peptides (CCP), such as the CCP2 and
CCP3 assays. Citrullination is the conversion of the amino acid Arginine into
Citrulline, mediated by peptidylarginine deiminase (PAD).>® Anti-CCP antibodies
are highly specific (up to 99%) for RA, but less sensitive compared to RF. Testing
for RF and ACPA simultaneously, has been suggested to improve sensitivity.
Recently an anti-CCP3.1 assay was developed that detects both IgG and IgA
anti-CCP antibodies to improve both sensitivity and specificity.” In addition,
another autoantibody designated by Shi et al. as anti-CarP antibodies, has been
described as a disease marker in RA patients and targets carbamylated proteins
rather than citrullinated.® Carbamylation constitutes a posttranslational mod-
ification of lysine to homocitrulline under the influence of cyanate.? Increased
carbamylation is related to chronic inflammatory conditions.'® Anti-CarP anti-
bodies are present in both anti-CCP positive and negative patients and may
predict the development of RA, independently from anti-CCP antibodies.''

Inflammatory bowel disease (IBD) is associated with various extra-intestinal
manifestations, including arthropathies with a prevalence of approximately
30%. IBD-associated arthropathies can be subdivided into inflammatory
(spondyloarthritis; SpA) based on the rheumatological ASAS criteria for axial
and peripheral SpA and non-inflammatory (arthralgia) joint complaints.’

Although previous studies report a genetic link, with shared susceptibility
genes between RA patients and arthropathies in IBD,' less is known about
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the presence of serological RA biomarkers in IBD patients with arthropathies.
Therefore, in the present study we examined the presence of RA biomarkers
in IBD patients with arthropathies and compared biomarker positivity in these
patients with IBD patients without arthropathies and RA patients.

METHODS

Study population

The inclusion procedure of IBD patients was as described previously.' Briefly,
serum samples were collected from 254 IBD patients included in the JOINT
study, a single-center prospective longitudinal study focused on IBD patients
with and without arthropathies, performed at the department of Gastroen-
terology and Hepatology of the Leiden University Medical Center (LUMC), the
Netherlands. Patients visiting the IBD outpatient clinic from July 2009 to Feb-
ruary 2010, were asked to complete a questionnaire to assess the presence
of joint complaints during the previous year. Patients with self-reported joint
and/or back pain (n=155) were invited to attend the JOINT outpatient clinic.
This clinic was established by the department of Gastroenterology and Hepa-
tology and the department of Rheumatology to expand the knowledge of IBD
joint complaints. All IBD patients without self-reported joint complaints served
as controls (n=99). At the JOINT outpatient clinic, medical history and data on
extra-intestinal manifestations (EIMs) were collected. In addition to routine
physical examination, a rheumatologic examination was performed in all IBD
patients, including a detailed assessment of the number of tender and swollen
joints. Laboratory assessments included the erythrocyte sedimentation rate
(ESR) and the C-Reactive Protein (CRP). HLA-B27 was only typed in patients with
chronic back pain (CBP) and/or peripheral joint complaints. Of the 155 patients
with self-reported arthropathies, 63 (40.6%) were classified according to the
different SpA classification criteria as reported previously.” Of these patients,
19 (12.3%) patients fulfilled the ASAS criteria for axial and peripheral SpA, the
most often used classification criteria in clinical trials and the most practical
system with which to classify SpA.">"” Eventually in total 15 (9.6%) patients were
diagnosed with arthritis by a rheumatologist (FvG).

For the current protocol, the presence of the different serological biomarkers
in 147 RA patients from the early arthritis clinic (EAC) was used as a com-
parison. This inception cohort comprises patients with arthritis with a disease



duration of less than 2 years. After 1 year of follow-up a final diagnosis was
established and for this measurement, only baseline samples were used of
patients who were diagnosed with RA and fulfilled the 1987 criteria.® The study
was approved by the institutional medical ethical committee of the LUMC and
patients signed a written informed consent prior to study enrolment, including
biobanking protocol.

Measurement of serologic biomarkers

Serum levels of IgM-RF, IgA-RF, anti-CCP2, anti-CCP3.1 and anti-CarP IgG and
IgA were determined using enzyme-linked immunosorbent assay (ELISA); the
cut-off values used for anti-CCP2 was 25.0 AU/ml. For anti-CarP antibodies the
cut-off was established as the mean plus 2 x SD of 200 healthy controls, as
before.® Cut-off levels of IgM-RF, IgA-RF and anti-CCP3.1 were 6.0 AU/ml, 6.0 AU/
mland 20.0 AU/ml according to the manufacturer’s (Inova Diagnostics Inc., San
Diego) recommendation. Positivity of IgM-RF, IgA-RF, anti-CCP2, anti-CCP3.1 and
anti-CarP in IBD patients with arthropathies were compared with those without
arthropathies and RA patients.

Statistical analysis

Statistical analysis was performed using SPSS version 23.0 software (IBM).
Chi-square tests and Student's t-test for independent samples were used to
compare the biomarker positivity in IBD patients with arthropathies with IBD
patients without arthropathies and RA patients. Logistic regression analysis,
with the different biomarkers as dependent variable, was performed to assess
variables associated with a positive biomarker. Univariate analyses were per-
formed for several variables including age, gender, type of IBD, IBD disease
activity (Harvey Bradshaw Index (HBI) or Simple Clinical Colitis Activity Index
(SCCAI) > 4), smoking, arthritis (diagnosed by the rheumatologist) or SpA, clas-
sified according to the different SpA classification criteria.’> Variables with a
statistical level of p<0.1 in the univariate analysis were included in the multivar-
iate analysis. A p-value <0.05 was considered as statistically significant.
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RESULTS

Characteristics of the 254 patients with and without arthropathies are pre-
sented in Table 1. IBD patients with arthropathies were significantly more often
diagnosed with Crohn’s Disease (CD), more frequently female and smokers. No
differences in biomarker positivity were found between IBD patients with and
without arthropathies. Univariate analysis in all IBD patients showed that female
gender (p=0.05, OR=0.5, 95%Cl 0.25-0.99) and smoking (p=0.01, OR=2.4, 95%Cl
1.21-4.55) were associated with a risk of having a positive IgM-RF antibody
test. In the multivariate analysis, smoking (p=0.02, OR=0.44, 95%CI 0.22-0.85)
remained independently associated with a positive IgM-RF test. In the univariate
analysis for IgA-RF, smoking turned out to be significantly associated (p=0.03,
OR=4.3, 95%Cl 1.12-6.60) with a positivity for IgA-RF.

When a subdivision was made within the group of IBD patients with arthropa-
thies based on CD and Ulcerative Colitis (UC), significantly more UC patients had
a positive anti-CarP IgG antibody test (CD: 1 (0.8%) vs UC: 3 (8.8%), p=0.009).
In addition, positivity of IgM-RF, IgA-RF, anti-CCP2, anti-CCP3.1, anti-CarP I1gG
and anti-CarP IgA in IBD patients with arthropathies were compared with RA
patients. IBD patients with arthropathies were significantly less frequently
positive for IgM-RF, anti-CCP2, anti-CCP3.1, anti-CarP IgA and anti-CarP IgG anti-
bodies biomarkers (p<0.001) compared with the RA patients (Figure 1). When
the 15 IBD patients with arthritis were compared with the 239 IBD patients
without arthritis, none of the biomarkers were significantly more prevalent in
the group of patients with both IBD and arthritis.

DISCUSSION

In the present study, RA biomarkers were assessed in IBD patients with and
without arthropathies and the frequency of biomarker positivity was compared
to RA patients. The RA markers were infrequently present in the IBD patients
with no significant differences in positivity between IBD patients with and with-
out arthropathies. A striking difference in autoantibody positivity was observed
when comparing IBD patients with arthropathies to RA patients. In addition,
as seen in RA, smoking seems to be related to IgM-RF and IgA-RF positivity in
|BD'19—20



Although anti-CCP is highly specific for RA, previous studies have shown the
occurrence of positive anti-CCP antibodies in other arthropathies such as
psoriatic arthritis (PsA) and IBD patients.?** Haga et al. concluded that the
prevalence of anti-CCP IgA antibodies in IBD patients is low (1.2%), but signif-
icantly associated with arthritis and IgM-RF positivity. However, in studies of
Papamichaels and Koutroubakis no significant association between the prev-
alence of anti-CCP positivity and IBD related arthropathies was found.???* This
is in accordance with the present study; in none of the IBD patients anti-CCP2
was detected and in 11 (6/155=3.8% with arthropathies and 5/99=5% without)
IBD patients anti-CCP3.1 was present.

While the presence of anti-CCP2 and anti-CCP3.1 in IBD patients has been
examined previously,??* positivity for other possible arthropathy-related bio-
markers has not been reported in IBD patients before. In the present study,
besides the presence of anti-CCP2 and anti-CCP3.1, IgM-RF, IgA-RF and anti-
CarP antibodies were assessed in the sera of IBD patients with and without
arthropathies. In contrast to the increased sensitivity in RA patients achieved
by combinations of these biomarkers, they did not add clinical value. Recently,
Shi et al. reported that anti-CarP antibodies are the most sensitive antibodies
that are present before RA becomes clinically apparent.? In our study anti-CarP
was detected in only 4 (2.6%) IBD patients with arthropathies compared to 66
(42.6%) RA patients.

In the present study, smoking seems to be related with a positive IgM-RF and
IgA-RF in IBD patients with arthropathies and supports the findings by Mikuls
et al. in which current smokers were approximately twice as likely as never
smokers to have increased IgA-RF concentrations. This association was most
pronounced in the patients with more than 20 pack-years of exposure.?

Animportant strength of this study is the well-defined study cohort with all IBD
patients classified thoroughly with or without SpA. Second, all different biomark-
ers known in RA patients were evaluated in this study design in IBD patients
and compared with RA patients. A limitation of this study is the limited number
of 15 patients with proven arthritis after rheumatologic examination although
a total of 63 patients fulfilled one of the clinical SpA criteria. No difference in
biomarker positivity was found between these 15 IBD patients with and 239
IBD patients without arthritis. Probably the number of in total 15 IBD patients
diagnosed with arthritis was too small to make this difference.
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Taken together, our data reveal that the presence of arthropathies in IBD is not
accompanied by the presence of different RA serological biomarkers. The dif-
ferences between positivity in IBD patients with arthropathies and RA patients
suggest that the immuno-pathogenesis of arthropathies in IBD may differ from
mechanisms in RA patients. More studies are required to investigate these
differences. Furthermore, this study implies that there is no apparent clini-
cal value in detecting these RA biomarkers in the serum of IBD patients with
arthropathies.
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TABLES AND FIGURES

Table 1. Characteristics of the IBD patients (n=254).

IBD patients with
arthropathies

IBD patients P-value
without arthro-

(n=155) pathies (n=99)

Type of IBD, n (%) 0.04

Crohn’s Disease 121 (78.1) 66 (66.7)

Ulcerative Colitis 34(21.9) 33(33.3)
Male, n (%) 46 (29.7) 50 (50.5) 0.001
Age at inclusion (years), mean + SD 434+13.6 427 +13.6 0.70
Age of IBD onset (years), mean + SD 275+113 259+10.1 0.26
IBD disease duration (years), mean £ SD 154+ 11.8 16.3+11.1 0.54
Smoker, n (%) 47 (30.0) 13(13.1) 0.001
Positive IgM-RF, n (%) 36(23.2) 15(15.2) 0.12
Positive IgA-RF, n (%) 6(3.9) 3(3.0) 0.73
Positive anti-CCP2, n (%) 0(0.0) 0(0.0) -
Positive anti-CCP3.1, n (%) 6(3.8) 5(5.0) 0.71
Positive anti-CarP 1gG, n (%) 4(2.6) 2(2.0) 0.77
Positive anti-CarP IgA, n (%) 10 (6.5) 8(8.1) 0.62

Figure 1. Differences in biomarker positivity between IBD and RA patients.
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Comparisons of the positivity's of IgA-RF, anti-CCP2, IgM-RF, anti-CCP3.1, anti-CarP 1gG and
anti-CarP IgA in IBD patients with arthropathies (IBD +), IBD patients without arthropathies
(IBD -) and RA patients. IgA-RF is not determined (n.d.) in the RA patients.

* p<0.001
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ABSTRACT

Background: Patients with inflammatory bowel disease (IBD) often experi-
ence severe impairment in different life domains. Psychological factors, such
as illness perceptions and coping, may play a role in the adjustment to IBD as
indicated by mental and physical health, activity and work impairment. The
present study aimed at examining the assumption of the Common Sense Model
(CSM) that coping mediates the relationship between illness perceptions and
adjustment in patients with IBD.

Methods: In a cross-sectional design, 211 IBD patients (73% Crohn's disease,
40% male, mean age 42.9+12.9 years) attending an outpatient clinic completed
questionnaires assessing illness perceptions (IPQ-R), coping (CORS), mental and
physical health (SF-36) as well as activity and work impairment (WPAI). Multi-
ple mediation analyses were applied that allow estimating the total and direct
effects of all iliness perception dimensions and the indirect effects through all
coping strategies on the illness outcomes simultaneously.

Results: The analyses yielded significant direct effects of perceptions regarding
the cyclical course, the chronic course, the severity of the consequences, the
comprehensibility, and the emotional impact of IBD on study outcomes. Addi-
tionally, significant indirect effects were found for the perceptions regarding
the severity of the consequences, the possibility of personal control, and the
comprehensibility of IBD on mental and physical health as well as activity impair-
ment through the use of one specific coping strategy, i.e., reduction of activity.

Conclusion: The results provide evidence for the assumptions of the CSM and
suggest the importance of addressing illness perceptions and activity stimula-
tion in quality health care for IBD patients.



INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn's disease (CD) and ulcerative
colitis (UQ), is a chronic, relapsing and remitting disease of the gastrointestinal
tract. The clinical course of IBD may be unpredictable and complicated, not only
because of intestinal symptoms, but also because of the presence of extra-in-
testinal manifestations. Joint complaints are the most common extra-intestinal
manifestations in patients with IBD and cause significant morbidity."2 The debil-
itating symptoms and complications of IBD often affect the patients’ physical,
mental and social well-being, resulting in an impaired quality of life (QoL) com-
pared to the general population.? The diagnosis of IBD can be stressful and
often causes psychological problems, such as feelings of hostility, despair,
denial, sadness, grief and anxiety,** which can induce long-term psychosocial
impairments and negatively affect overall QoL.6” Furthermore, the uncertainty
of the disease course makes it challenging for patients to make decisions
regarding their work and daily activities, which may result in unemployment
or social isolation.®? Although work disability has been generally related to
the severity of IBD, the contribution of psychological factors remains unclear.'

The Common Sense Model (CSM)™ of self-regulation of health and illness is
a useful framework to understand how psychological factors, i.e., illness per-
ceptions and coping, influence illness outcomes in IBD patients.>'>"” The CSM
proposes that patients develop their own ideas about their illness, i.e., illness
perceptions, in order to understand the health threat. lllness perceptions
embrace five core dimensions, namely 1) ideas about the identity of the illness
consisting of the label as well as the symptoms that are associated with the
illness, 2) ideas about the causes of the iliness, 3) ideas about the consequences
that the illness create, 4) ideas about to what extent the illness can be con-
trolled or cured by own behavior or medical treatment, and 5) ideas about the
course of the illness and the duration of the symptoms." Two additional dimen-
sions refer to 6) the emotional impact caused by the illness and 7) the overall
comprehensibility of the illness.'® The CSM proposes further that illness rep-
resentations determine how patients will cope with their illness, and therefore
which cognitive and behavioral strategies they will use in order to deal with their
illness. Many different coping strategies depending on the iliness have been
identified, such as turning to religion, ignoring the illness, seeking social sup-
port, withdrawal from activities, venting emotions, wishful thinking, distraction,
acceptance, and positive reinterpretation.’ % According to the CSM, the used
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coping strategies have an effect on the adjustment to an illness as indicated,
for example, by psychological, physical, and social well-being. In summary, the
CSM maintains that illness perceptions influence adjustment to the illness by
triggering the use of certain coping strategies.

Studies using the CSM in patients with IBD have shown that illness perceptions
significantly accounted for 11% to 21% of the variance in QolL.>'2?"%3 Patients
who believed their illness would last a short time displayed high QoL scores,
while patients who believed their IBD resulted in severe consequences were
more likely to have lower QoL scores, thus indicating the contradictory effect
of different illness perceptions on patients’ QolL.?' Van der Have et al. found
associations between illness perceptions and work disability and activity impair-
mentin IBD patients with joint and/or back pain. Patients who believe in serious
consequences and with a perception of weak personal control avoid situations
in which they could experience limitations, resulting in more work disability and
more activity impairment.?>24

Also, previous research showed that illness perceptions influence coping
behavior of IBD patients. Patients with IBD, who perceive their illness as under-
standable and controllable, display more active coping (e.g. problem-focused
coping).”

Furthermore, coping has been found to be associated with Qol, daily activity
and work impairment in patients with IBD.?>?> In a cross-sectional study, Parekh
et al. demonstrated that confrontational, evasive and optimistic coping strate-
gies are the most widely adopted and the most effective ones among patients
with IBD.> QoL was significantly higher for those patients who primarily used
these adaptive coping strategies compared to patients who used maladaptive
coping strategies including substance use, behavioral disengagement, self-
blame, denial, venting emotions and self-distraction.>* In addition, van der
Have et al. showed that coping behavior influences illness outcomes, with the
maladaptive coping strategy reduction of physical activity’ being significantly
associated with a reduced QoL and more daily activity impairment.??

The present study

The purpose of the present study was to investigate the assumption of the CSM
that coping mediates the relationship between illness perceptions and adjust-
ment. Adjustment is conceptualized here as mental and physical health as well



as activity and work impairment in patients with IBD. Complex multiple media-
tion analyses that allow estimating the total and direct associations of all iliness
perception dimensions and the indirect associations through all coping strate-
gies on adjustment simultaneously were used. Based on previous research, we
hypothesized that negative illness perceptions (e.g., severe consequences and
strong emotional representations) would be associated with a reduced mental
and physical health as well as more activity and work impairment. Additionally,
we expected to find that coping mediates the effects of illness perceptions on
the outcomes. Compared to other studies that have investigated the mediation
hypothesis of the CSM with separate mediation analyses for each illness per-
ception dimension and/or coping strategy in patients with I1BD,?? the present
analyses better reflect the proposed theoretical model.

METHODS

Patient population and data collection

Between July 2009 and February 2010, 255 IBD patients attending the IBD out-
patient clinic of the Leiden University Medical Center (LUMC), the Netherlands,
were requested to take part in our study. No exclusion or inclusion criteria were
specified. The participants had to complete web-based or postal questionnaires
assessing demographic characteristics, disease activity, peripheral joint pain,
back pain, iliness perceptions about IBD, coping strategies, mental and physical
health as well as activity and work impairment.?22¢ Of the 255 patients, 245
completed all questionnaires. Finally, the data of the 211 patients who com-
pleted the Revised lliness Perception Questionnaire (IPQ-R) regarding their IBD
complaints were analyzed. The remaining 34 IBD patients who completed the
IPQ-R regarding other diseases, were excluded. The study was approved by
the medical ethical committee of the LUMC and all patients signed informed
consent.

Measures

Disease activity

In patients with Crohn's disease the Harvey Bradshaw Index (HBI) was used
to measure clinical disease activity.?” The HBI used for the present study con-
sisted of in total 11 items, including general well-being, abdominal pain, daily
number of liquid stools and extra-intestinal manifestations (arthralgia, uveitis,
erythema nodosum, apthous ulcers, pyoderma gangrenosum, anal fissure, new
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fistula and abscess). This web-based questionnaire was completed at home and
therefore the question about abdominal mass was excluded.

In patients with Ulcerative Colitis the disease activity was measured by using
the Simple Clinical Colitis Activity Index (SCCAIY® consisting of 9 items; bowel
frequency (during the day), bowel frequency (at night), urgency of defecation,
blood in stool, general well-being and extra colonic features (arthritis, uveitis,
pyoderma gangrenosum and erythema nodosum). In both the HBI and SCCAI,
a score above 4 reflects active disease.

Peripheral joint and/or back pain

At study inclusion, participants were asked 1) whether they currently have pain-
ful and/or swollen peripheral joints and 2) whether they currently have back
pain that already lasts for 3 months or longer. If one of these questions was
answered with yes, it was coded that peripheral joint pain and/or back pain
was present.”®

lliness perceptions

lliness perceptions about IBD were assessed with the revised version of the
lliness Perception Questionnaire (IPQ-R), a widely-used questionnaire that has
been validated in different patient samples.’® The IPQ-R contains three parts.
The first part measures illness identity and includes 15 common symptoms
that patients can attribute to their IBD (yes=1 or no=0), with a summary score
ranging from 0 to 15. A higher score represents a stronger belief that the
symptoms are part of the IBD.

The second part contains 7 subscales measuring chronic timeline (perceived
duration of I1BD, 6 items), cyclical timeline (perceived variability in the symp-
toms of IBD, 3 items), consequences (perceived impact of IBD on patients' life,
6 items), personal control (perceived effectiveness of controlling IBD by own
behavior, 6 items), treatment control (perceived effectiveness of controlling IBD
by treatment, 5 items), coherence (extent of understanding IBD, 4 items), and
emotional representations (perceived emotional impact of IBD, 6 items). ltems
were answered on a five-point Likert scale ranging from 1 ‘strongly disagree’
to 5 'strongly agree’. For each subscale, mean scores were computed after
recoding inversely formulated items. Higher scores reflect stronger beliefs on
that particular subscale. Internal reliability of the subscales was relatively high
with Cronbach’s alphas ranging from 0.78 (cyclical timeline) to 0.88 (emotional



representations). For treatment control, however, Cronbach'’s alpha was 0.59,
indicating that in this patient group beliefs about controlling IBD, improving IBD,
and curing IBD do not form a homogeneous scale.

The third part, questions about causal attributions, used the same 5-point scale
and consisted of 17 items representing perceived causes of IBD. As the under-
lying dimensions of perceived causes may vary between diseases, Moss-Morris
et al., suggested to perform a principal components analysis (PCA) with VARI-
MAX-rotation on the causal items.’ The PCA of causal items produced 4 factors
accounting for 59% of the total variance. Items with a factor loading higher than
0.50 were interpreted to represent a particular factor. The first factor accounted
for 31% of the variance and included 10 items (stress, own behavior, mental
attitude, family problems, working too hard, emotional state, getting older, alco-
hol use, smoking and personality) and was labelled stress and (stress) behavior.
Cronbach’s alpha of this factor was 0.90. The second (3 items: virus, diet, bad
luck) and third (3 items: poor medical treatment, environment, injury) factor
both accounted for 10% of the variance but demonstrated insufficient internal
reliability (Cronbach'’s alphas <0.50) and were therefore excluded from further
analyses. The fourth factor accounted for 7% of the variance, consisted of only
one item (heredity) and was also excluded from further analyses. The items of
the first factor were averaged and a higher score indicates stronger beliefs in
stress and (stress) behavior causing the illness.

Coping strategies

Coping strategies were assessed with the Coping with Rheumatic Stressors
Questionnaire (CORS).™ This questionnaire was used because most of the IBD
patients in this cohort were diagnosed with joint complaints. The CORS meas-
ures eight strategies of coping with pain, with limitations and with dependence,
which are the most important stressors in inflammatory rheumatic diseases.
Coping strategies related to pain included comforting cognitions (i.e., positive
self-instructions, 9 items), decreasing activity (i.e., reduce activity and take more
rests, 8 items) and diverting attention (doing or thinking of nice things instead
of focusing on the pain, 8 items). Three scales refer to limitations, namely opti-
mism (i.e., positive thinking, 5 items), pacing (i.e., lowering the number and
intensity of activities, 10 items) and creative solution seeking (i.e., thinking of
new ways to get things done, 8 items). Coping styles related to dependence
included acceptation (i.e., take the dependence for granted) and consideration
(i.e., trying to be useful to others). Items were answered on a 4-point scale from
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1 'seldom or never’ to 4 'very often’. Mean scores were calculated with higher
scores indicating more frequent use of that particular coping strategy. Internal
reliability within the subscales was high (Cronbach'’s alpha ranging from 0.79
to 0.85).

Quality of life

The Short Form (SF)-36 is a generic questionnaire that measures eight gen-
eral health concepts, which are grouped within a mental (MCS) and a physical
(PCS) component summary score that represent mental health and physical
health.?> MCS consist of the concepts vitality, social function, role limitations
due to personal or emotional problems and mental health. Physical function-
ing, role limitations due to physical health problems, bodily pain and general
health perception are included in the PCS. The score for subdomains range
from O to 100, with higher scores representing better mental and physical
health, respectively.?

Activity and work impairment

Two items of the Work Productivity and Activity Impairment Questionnaire
(WPAI) were used to measure activity impairment and work impairment during
the past 7 days.®® The WPAI has been validated in a number of diseases includ-
ing IBD.?" Patients were asked to indicate on 11-point scale ranging from 0 ‘not
at all' to 10 ‘completely’ how much their IBD affected 1) their ability to do their
regular daily activities and 2) their productivity while working. The last question
was only answered by employed patients. Scores were multiplied with 100 in
order to compute percentages from 0 to 100, with a higher percentage indi-
cating greater impairment.

Statistical analysis

All statistical analyses were performed with IBM SPSS Statistics Version 22.

In a first step, bivariate associations between the study variables were analyzed
by means of Pearson correlation analyses. This procedure allows comparing
our results with findings of previous studies that reported Pearson correlation
coefficients by default.

In a second step, four parallel multiple mediation analyses (one for each illness
outcome) were calculated with the illness perception dimensions as independ-
ent variables, the coping strategies as mediators, and the illness outcome as
dependent variable. In order to keep the number of variables to a minimum,



only those illness perception dimensions and coping strategies that were sig-
nificantly correlated with the illness outcome were included in the respective
mediation analysis.?? As previous research has shown that disease activity and
the experience of pain has a strong impact on illness outcomes in patients with
IBD, disease activity as well as present back pain and/or peripheral joint pain
were entered as control variables in all analyses.?#?>

The mediation analyses were performed by using the MEDIATE-macro for SPSS
that consecutively runs a number of analyses that estimate the total, direct
and indirect effects of illness perceptions on the respective illness outcome.*
The total and direct effects were estimated by means of a stepwise multiple
regression analysis in which illness perception dimensions were entered in
the first and coping strategies were entered in the second step. Total effects
refer to the specific relationships between each illness perception dimension
and the respective illness outcome while controlling for the effect of all other
illness perceptions dimensions (first step), and direct effects refer to the specific
relationships between each illness perception dimension and the respective
illness outcome while controlling for all other illness perception dimensions and
all coping strategies (second step). The effects of illness perceptions on coping
were estimated by calculating multiple regression analyses with all illness
perception dimensions as predictors and the respective coping strategy as
outcome. The specific indirect effects of the iliness perception dimensions on
the respective illness outcome through each coping strategy and their signifi-
cance were determined by means of the new standard method of estimating
indirect effects, i.e., bootstrap analyses with 5000 bootstrap samples.?? As rec-
ommended by Hayes, coefficients will be reported in unstandardized form in
order to correctly interpret bootstrap confidence intervals and to map the
results directly onto the measurement scales.??

RESULTS

Sample

The sample consisted of 211 IBD patients with a mean age of 42.9 years
(SD=12.9) and a mean disease duration of 15.9 years (SD=11.3). The majority
of the participants was diagnosed with CD, was female and had axial and/or
peripheral joint complaints. Clinical and demographic characteristics of the
study population are shown in Table 1.
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Bivariate associations between illness representations,

coping strategies and illness outcomes

The results of the correlation analyses are presented in Table 2. Nearly all iliness
perception dimensions were significantly correlated with outcome measures.
More specifically, a strong illness identity, perceptions of a cyclical timeline, of
serious consequences, of low personal and of low treatment control as well
as low coherence, strong emotional representations, and strong stress and
(stress) behavior attributions were associated with lower levels of mental and
physical health as well as elevated levels of impairment.

Various coping strategies also showed significant correlations with illness out-
comes. More specifically, more frequent use of the coping strategies decreasing
activities to cope with pain and pacing to cope with limitations were related
to lower physical and mental health and to more activity and work impair-
ment. In addition, lower optimism was related to worse mental health, while
the more frequent use of creative solution seeking and showing consideration
was related to worse physical health.

Also, various significant correlations were observed between illness perception
dimensions and coping strategies. For example, a strong illness identity, more
cyclical timeline perceptions, the perception of serious consequences, and
low illness coherence were associated with more frequent use of both coping
strategies decreasing activity and pacing. Furthermore, the perception of less
serious consequences, less strong emotional representations, and the per-
ception of high personal and treatment control were related to more frequent
use of optimism. Also, strong illness identity, acute timeline perceptions, the
perception of serious consequences, and the perception of high personal con-
trol were associated with more creative solution seeking. Finally, more cyclical
timeline perceptions and perceptions of high personal control were correlated
with more frequent use of showing consideration.

Total, direct, and indirect effects of illness perceptions

on illness outcomes (through coping strategies)

Mental health

The mediation analysis with mental health as dependent variable included the
illness representation dimensions identity, timeline cyclical, consequences,
personal control, treatment control, illness coherence, emotional representa-
tions, and stress and (stress) behavior attributions as independent variable.



The coping strategies decreasing activity, optimism, and pacing as mediators,
as well as disease activity and present back and/or peripheral joint pain were
included as control variables. The results of the analysis are displayed in Table
3 and Figure 1a. The regression analysis revealed significant total and direct
effects for illness coherence and emotional representations on mental health,
indicating that low illness coherence and strong emotional representations
were associated with worse mental health. Furthermore, bootstrap analyses
revealed significant indirect effects of consequences (0.63 BCa 95% Cl (1.495-
0.072)), personal control (0.34 BCa 95% Cl (0.999-0.006)), and illness coherence
(0.39 BCa 95% (I (0.026-1.043)) on mental health through decreasing activ-
ity. Stronger perceptions of serious consequences and of personal control as
well as low illness coherence were associated with the more frequent use of
decreasing activity, which in turn was related to lower levels of mental health.
All variables together explained 35% of the variance in mental health.

Physical health

The mediation analysis with physical health as dependent variable included
the illness representation dimensions identity, timeline cyclical, consequences,
personal control, treatment control, illness coherence, and emotional rep-
resentations as independent variables. The coping strategies decreasing
activity, pacing, seeking solutions, and showing consideration as mediators,
as well as disease activity and present back and/or peripheral joint pain were
included as control variables. The results of the analysis are displayed in Table
3 and Figure 1b. The multiple regression analysis revealed significant total
and direct effects of consequences, disease activity and present back and/or
peripheral joint pain on physical health, indicating that stronger perceptions
of serious consequences and more disease activity and pain were associated
with lower levels of physical health. Furthermore, bootstrap analyses again
revealed significant indirect effects of consequences (0.51 BCa 95% Cl (1.297-
0.074)), personal control (0.27 BCa 95% CI (0.842-0.011)) and illness coherence
(0.31 BCa 95% CI(0.014-1.015)) on physical health through decreasing activity.
Stronger perceptions of serious consequences and of personal control as well
as low illness coherence were associated with a more frequent use of decreas-
ing activity, which in turn was related to worse physical health. All variables
together explained 42% of the variance in physical health.
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Activity impairment

The mediation analysis with activity impairment as dependent variable included
the illness representation dimensions identity, timeline cyclical, consequences,
personal control, treatment control, illness coherence, emotional representa-
tions, and stress and (stress) behavior attributions as independent variables.
The coping strategies decreasing activity and pacing as mediators, as well as
disease activity and present back and/or peripheral joint pain were included
as control variables. The results of the analysis are displayed in Table 3 and
Figure 1c. The multiple regression analysis revealed significant total and direct
effects of consequences and present back and/or peripheral joint pain on activ-
ity impairment, indicating that strong perceptions of negative consequences
and more pain were related to more activity impairment. Furthermore, boot-
strap analyses again revealed significant indirect effects of consequences (2.20
BCa 95% Cl (0.633-4.890)) personal control (1.19 BCa 95% Cl (0.156-3.020)),
and illness coherence (1.36 BCa 95% Cl (3.55-0.241)) on activity impairment
through decreasing activity. Stronger perceptions of serious consequences
and personal control as well as low iliness coherence were related to the more
frequent use of decreasing activity, which in turn was related to higher levels
of activity impairment. All variables together explained 38% of the variance in
activity impairment.

Work impairment

The mediation analysis with work impairment as dependent variable included
the illness representation dimensions identity, timeline chronic, timeline
cyclical, consequences, treatment control, illness coherence, emotional rep-
resentations, and stress and (stress) behavior attributions as independent
variables. The coping strategies decreasing activity and pacing as mediators,
as well as disease activity and present back and/or peripheral joint pain were
included as control variables. The results of the analysis are displayed in Table
3 and Figure 1d. The multiple regression analysis revealed significant total and
direct effects of timeline chronic, consequences and treatment control on work
impairment, indicating that more acute timeline perceptions, stronger percep-
tions of serious consequences and weaker perceptions treatment effectiveness
were associated with more work impairment. Bootstrap analyses revealed no
significant indirect effects. All variables together explained 25% of the variance
in work impairment.



DISCUSSION

The purpose of this cross-sectional study was to examine the assumption of
the CSM that coping mediates the relationship between iliness perceptions and
adjustment in patients with IBD." To our knowledge, this study was the first
to apply multiple mediation analyses that allow estimating the total and direct
effects of all iliness perception dimensions and the indirect effects through all
coping strategies on illness outcomes simultaneously.

The findings of the present study indicate that both illness perceptions and
coping play a significant role in adjustment to IBD even after controlling for
disease activity and peripheral joint and/or back pain. All variables together
could explain a meaningful proportion of the variance in the illness outcomes.

In accordance with the CSM and our hypotheses, the effects of illness percep-
tions on health outcomes were partially mediated by coping."” More specifically,
perceptions of more serious consequences, stronger personal control and a
lack of personal understanding of IBD were associated with a more frequent
use of the coping strategy decreasing activity, which, in turn, was associated
with lower mental health, lower physical health and more activity impairment.
Two aspects of these results are noteworthy: First, within the mediation models
decreasing activity was the only coping strategy that showed significant asso-
ciations with the illness outcomes and served as a mediator between illness
perceptions and illness outcomes. Thus, decreasing activity is of special impor-
tance in coping with IBD. Earlier studies already provided initial indications on
the significance of this coping strategy, however, in our study, the pattern is
most pronounced.'>'322 Secondly, although the bivariate correlations between
personal control and illness outcomes suggest a positive impact, the indirect
effect of personal control on mental and physical health as well as activity
impairment was negative. In general, in the CSM stronger perceptions of per-
sonal control are seen as beneficial for adaptation, but from our results it seems
that feelings of personal control are expressed in the maladaptive coping strat-
egy decreasing activities."”** This contradictory finding should be investigated
in future research.

Besides the indirect effect via decreasing activity, several illness perceptions
dimensions were also directly, i.e., independently from coping, associated with

mental health, physical health, and activity impairment. The direction of these
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associations is in line with the assumptions of the CSM and our hypothesis
based on previous findings." 4161720 Particularly, a lack of understanding 1BD
and the experience of more negative emotions are related to worse mental
health. Perceptions of more severe consequences have an unfavorable effect
on physical health and the capability to engage in daily activity.

Interestingly, with regard to work impairment only direct effects of illness
representation were found. Perceiving IBD as acute, as causing severe con-
sequences, and as being non-controllable by treatment were linked to more
work impairment. The absence of the mediation effect of the coping strategy
decreasing activity might be due to the smaller sample size as only employed
patients were included.

Limitations

Some limitations need to be acknowledged. First, the study had a cross-sectional
design and therefore, the direction of causality in the associations between
illness perceptions, coping and outcomes could not be determined. Longi-
tudinal studies are needed to address this issue, since these could examine
the dynamic processes of illness perceptions and coping on illness outcomes
specified in the CSM."" Second, the present findings are exclusively based on
self-reported measures that might be subject to several forms of bias. Further
studies could profit from including objective measures (i.e., medical assess-
ments). Third, although back and/or joint pain appears often in IBD patients,
the CORS questionnaire has not been validated in these patients and coping
strategies linked to IBD-specific stressors might have been missed. However,
this questionnaire has been validated in patients with rheumatoid arthritis, an
inflammatory joint disease.'® Future studies investigating the influence of coping
on illness outcomes in patients with IBD should use an illness-specific coping
questionnaire, i.e. the newly developed IBD-Cope.®

Conclusions

Despite these limitations, the present study contributes to a better understand-
ing of the interplay between illness perceptions, coping and adjustment to IBD.
lliness perceptions and coping were shown in this cross-sectional study to influ-
ence quality of life and activity impairment. Adjustment to IBD can be improved,
apart from medical interventions, by psychological interventions.?*3¢3 The
healthcare team has to anticipate on the patients disease behavior by improv-
ing the understanding of IBD and/or modifying illness perceptions and coping



strategies. Briefer questionnaires with easy scoring schemes need to be devel-
oped to assess illness perceptions and coping strategies to improve the illness
outcomes by psychological interventions too. The newly developed IBD-Cope is
in this way an improvement.® Previous studies determined that changing illness
perceptions and coping strategies is associated with improved outcomes. Chil-
cot et al. showed in patients with irritable bowel syndrome (IBS) that illness
perceptions became more positive following cognitive-behavioral therapy
(CBT) compared with usual care. CBT enhanced perceived control, facilitated
more coherence, reduced perceptions of severe consequences and predicted
improved work and social adjustment.*® Previous studies in IBD patients found
these effects of CBT as well, suggesting that influencing cognitive factors and
behavioral aspects could lead to improved functioning in IBD.>*=? In addition,
Petrie et al. designed a program to modify asthma patients' illness perceptions
by sending text messages that were created to push an illness perception in a
direction more consistent with higher adherence.* In IBD patients a text mes-
sage program might be effective to increase coherent understanding of the
disease and to reduce the perception of serious consequences. Based on find-
ings of the current study, behavioral interventions increasing illness coherence,
modifying perceptions of the severity of consequences and reducing the use of
the maladaptive coping strategy decreasing activity may resultin an increase in
mental and physical health as well as less activity and work impairment.

For a health professional, it is important to pay attention to the illness percep-
tions of IBD patients, because they may lead to a low QoL and impairment.
Knowledge and understanding of iliness perceptions, coping strategies and the
effect on illness outcomes can help health professionals to understand the IBD
patients’ disease behaviors and improve the QoL by supporting the ability to
cope with stressors related to disease. Assessing illness perceptions and coping
strategies in IBD, therefore, is part and parcel of quality health care.
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TABLES AND FIGURES

Table 1. Clinical and demographic characteristics of the study population
(n=211).

Variable IBD patients (n=211)
Type of IBD, n (%)

Crohn’s Disease 154 (73.0)
Ulcerative Colitis 57 (27.0)
Age (years), mean + SD 429+129

Male, n (%) 84 (39.8)
Disease duration (years), mean + SD 159+ 11.3
Employed, n (%) 137 (64.9)

Montreal Classification CHAPTER 5
Location CD, n (%) n=154
L1 ileal 38 (24.7)
L2 colonic 30(19.5)
L3 ileocolonic 72 (46.8)
L4 upper 1(0.7)
L1-3+L4 13(8.4)
Behaviour CD, n (%)
B1 non-stricturing/penetrating 67 (43.5)
B2 stricturing 22 (14.3)
B3 penetrating 21(13.6)
+ perianal disease 44 (28.6)
Extension UC, n (%) n=57
E1 ulcerative proctitis 5(8.8)
E2 left sided UC 17 (29.8)
E3 extensive UC (pancolitis) 35(61.4)
Medication, n (%)
Mesalazine 55(26.1)
Corticosteroids 26 (12.3)
Immunosuppressive drugs (Aza/6MP/MTX) 75 (35.5)
Anti-TNF 74 (35.1)
None 47 (22.3)
Control variables
Joint and/or back pain 124 (58.8)
Active IBD disease 83(39.3)
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Figure 1. Results of the four mediation analyses. Only paths that are
significant at p < .05 are displayed, unless stated otherwise. Unstandard-
ized coefficients are reported. Significant indirect effects are indicated

control variable.
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ABSTRACT

Background: Arthropathies are a common extra-intestinal manifestation (EIM)
in inflammatory bowel disease (IBD). This study evaluated the differences in
illness perceptions, coping strategies and illness outcomes between IBD
patients with and without arthropathies at baseline, and examined changes at
12 months in these variables in patients with arthropathies.

Methods: In total, 204 patients with (n=123) and without (n=81) arthropathies
completed questionnaires at baseline and after 1 year assessing illness per-
ceptions, coping, quality of life (QoL) and work and activity impairment. A linear
regression analysis assessed the impact of arthropathies on these factors com-
pared to patients without arthropathies. A mixed model analysis evaluated
changes in illness perceptions, coping and outcomes in patients with arthrop-
athies over time.

Results: Patients with arthropathies had more persistent thoughts on symp-
tomatology and the variability of symptoms, held more negative views on the
effects of illness, had heightened emotions that impacted daily functioning
and had a poorer understanding of IBD than patients without arthropathies.
Patients with arthropathies could more efficiently divert attention, felt more
useful to others and perceived a reduced physical and mental health and an
increased activity impairment compared with patients without arthropathies.
At follow-up, patients with arthropathies were more sceptical about the effec-
tiveness of medical treatment, but were better able to adapt their activities to
their complaints compared with baseline.

Conclusion: Patients with arthropathies in IBD adopt different illness per-
ceptions, coping strategies and outcomes compared with patients without
arthropathies, which is important to know when designing behavioural and
physical interventions to improve functioning.



INTRODUCTION

Inflammatory bowel diseases (IBD), comprising Crohn’s disease (CD) and ulcer-
ative colitis (UC) are immune-mediated chronic inflammatory diseases of the
gastrointestinal tract characterized by periods of inflammation and remission.
Receiving a diagnosis of IBD can be stressful, and can impact illness outcomes
such as quality of life (QoL), activity impairment and work productivity in a vari-
ety of ways." IBD is associated with a range of extra-intestinal manifestations
(EIMs) of which arthropathies, with a prevalence of approximately 30%, are the
most common.>” Arthropathies can be subdivided into inflammatory (spondy-
loarthritis; SpA) and non-inflammatory (arthralgia) musculoskeletal symptoms.
Recent studies have shown the significant impact of arthritis and IBD separately
on different illness outcomes. It is well recognized that disability in patients with
arthritis and in patients with IBD is not only associated with clinical variables of
the disease process itself, but also with behavioural factors including iliness per-
ceptions and coping strategies.®'? lliness perceptions are individual cognitions
and emotions about a disease."" Coping refers to cognitive and behavioural
efforts and strategies to deal with stressful stimuli, such as a chronic illness.
Different coping styles may be required to deal with the various aspects of
a disease.” Understanding and targeting the illness perceptions and coping
strategies of IBD patients with and without arthropathies by medical or psy-
chological interventions may improve treatment in this patient population and
may thereby improve iliness outcomes including Qol, and activity and work
impairment.

We have shown that arthropathies in IBD patients have a strong negative impact
on QoL and work impairment.’* However, it is unknown whether this is caused
by differences in illness perceptions, coping strategies and illness outcomes in
IBD patients with and without arthropathies. Therefore, our goal in the present
study was to examine the differences in illness perceptions, coping strategies
and illness outcomes between IBD patients with and without arthropathies.
A secondary aim of our study was to evaluate changes in illness perceptions,
coping strategies and outcomes at 12 months follow-up in IBD patients with
arthropathies. This line of research might be instrumental in identifying targets
for intervention via addressing and changing maladaptive illness perceptions
and coping styles.
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METHODS

Our cohort was based on the JOINT cohort®, which includes 255 IBD patients
(155 with and 100 without self-reported arthropathies), all with a long IBD dis-
ease duration.™ Of these 255 patients, 204 were included in the present study
based on completion of all questionnaires at study inclusion and after 1-year
follow-up. Of the 204 participants, 178 patients completed the questionnaires
based on their IBD, of which 109 had self-reported joint complaints. Subse-
quently, 8 patients fulfilled the questionnaires based on having arthropathies
and 18 patients completed the questionnaires regarding other diseases. IBD
patients were classified with self-reported arthropathies when they had chronic
back pain (CBP) and/or peripheral joint complaints currently or during the pre-
vious year. A rheumatologic examination was performed in all 204 patients
(123 patients with and 81 without self-reported joint complaints) at baseline
and after 12-months follow-up. At both study time points patients were asked
to complete questionnaires about disease activity, illness perceptions, coping
strategies, quality of life, as well as activity and work impairment.” "> |llness
perceptions were measured with the Revised Iliness Perception Questionnaire
(IPQ-R). This questionnaire covers 8 subscales including ‘Identity’ (thoughts
about the illness and the symptoms associated with it), ‘Timeline chronic’
(cognitions about the duration), Timeline cyclical’ (perceived variability of symp-
toms), ‘Consequences’ (ideas about the severity of the illness and the impact
on daily functioning), ‘Personal control’ (cognitions about the manageability of
the illness through personal efforts), Treatment control’ (perceptions about
the effectiveness of medical treatment), ‘Emotional representations’ (the emo-
tional impact) and 'lliness coherence’ (personal understanding of the iliness)."
Coping strategies were evaluated with the Coping with Rheumatic Stressors
Questionnaire (CORS), which assesses eight coping strategies covering the dif-
ferent consequences of coping with pain, limitations and dependence."” Coping
strategies covering pain included ‘Comforting cognitions' (self-encouragement),
‘Decreasing activity' (taking more rest) and ‘Diverting attention’ (thinking about
nice things). Strategies covering limitations encompassed ‘Optimism’ (thinking
positively), ‘Pacing’ (adapting the level of activities) and ‘Creative solution seeking’
(creative things to achieve a goal). Strategies related to dependence included
‘Acceptance’ (making an effort to accept one’s dependence) and ‘Considera-
tion' (being useful to others). lliness outcomes included Qol, activity and work
impairment. QoL was measured with the Short Form (SF)-36 and was subdi-
vided into physical health via the physical component score (PCS) and mental



health by the mental component score (MCS)."® Activity and work impairment
was measured with the Work Productivity Activity Index (WPAI)." The study
was approved by the institutional medical ethical committee of the LUMC and
patients signed a written informed consent prior to study enrolment.

Statistics

All analyses were performed in SPSS, version 23.0. Descriptive statistics were
used for patients' characteristics, and comparisons of the baseline charac-
teristics of patients with and without arthropathies were analysed with an
independent t-test and a chi-square test. Linear regression models were used
to assess potential associations of arthropathies as a predictor of illness percep-
tions, coping strategies and outcomes in IBD patients. Variables with a statistical
level of p <0.05 in the univariate analysis were included in the multivariate
analysis. The multivariate analysis included ‘arthropathies’ as the independent
variable, adjusted for age, gender, IBD disease activity, smoking, employment
status and 5-ASA treatment, since these variables were significantly different
at baseline between study groups. For the follow-up analysis, a linear mixed
model was used. IBD patients with arthropathies at baseline were included in
this analysis and compared with the follow-up sample consisting of the same
IBD patients with arthropathies except for the patients who reported a ces-
sation of their joint complaints after 1-year. A p-value <0.05 was considered
statistically significant.

RESULTS

Demographic data

Of the 204 IBD patients included in the present study, 123 (60.3%) had self-re-
ported arthropathies and 81 (39.7%) had no arthropathies. IBD patients with
arthropathies had a mean IBD disease duration of 15.3 (SD=12.0) years at
study inclusion, a mean age of 44.1 (SD=13.8) years, and were representative of
the JOINT cohort.® IBD patients with arthropathies were more often diagnosed
with Crohn's Disease (CD) (p=0.03), an active disease course (p < 0.001), with a
mean Harvey Bradshaw Index (HBI) of 6.0 (p<0.001) and were more often smok-
ers (p=0.009) compared with IBD patients without arthropathies. Of the 123
patients with arthropathies, 63 patients (51.2%) reported peripheral joint com-
plaints only, 12 patients (9.8%) reported back pain and 48 (39%) reported both
axial and peripheral joint complaints. In total, 13 (10.6%) patients were formally
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diagnosed with arthritis by a rheumatologist based on physical examination
and radiographs. Sixteen patients (13%) met the ASAS criteria for axial and
peripheral SpA. IBD patients without arthropathies (n=81) were more likely to
be male (p=0.003), employed (p=0.007) and were more often treated with 5-ASA
(including sulfasalazine or mesalazine) for their IBD (p=0.02) compared with the
patients with arthropathies (Table 1). Of the 123 IBD patients with self-reported
arthropathies at baseline, 12 reported a cessation of joint complaints at 1-year
follow-up, leaving a total of 111 (90.2%) patients with joint complaints. In the
group without arthropathies (n=81), 4 of 81 patients developed self-reported
arthropathies during the 12-months follow-up.

Differences in illness perceptions, coping strategies and outcomes
between IBD patients with and without arthropathies at baseline
Univariate analyses showed that arthropathies in IBD patients were associated
with the illness perceptions ‘identity’ 3 (95% Cl): 1.05 (0.73 to 2.28), p<0.007;
‘cyclical timeline’ 1.63 (0.70 to 2.55), p=0.001; ‘consequences’ 2.52 (1.17 to
3.86), p=0.001, ‘personal control' -1.22 (-2.34 to -0.11), p=0.032, ‘'emotional
representations’ 1.69 (0.31 to 3.06), p=0.017, ‘iliness coherence’ -1.36 (-2.42
to -0.31), p=0.011 and ‘treatment control' -0.83 (-1.58 to -0.07), p=0.031. In
addition, arthropathies were associated with the coping strategies ‘decreasing
activity’ 1.33 (0.15 to 2.51), p=0.027, 'diverting attention’ 1.61 (0.39 to 2.82),
p=0.010, ‘pacing’ 1.72 (0.16 to 3.29), p=0.031 and ‘consideration’ 1.11 (0.11
to 2.11), p=0.030). Significant associations between arthropathies and the
following illness outcomes were found: ‘physical health’ -3.61 (-6.25 to -0.97),
p=0.008, ‘mental health’-9.00 (-11.40 to -6.12), p<0.001, ‘activity’ 0.21 (0.14 to
0.29), p<0.0071 and ‘work impairment' 0.11 (0.01 to 0.20), p=0.030.

In the multivariate model, arthropathies remained associated with a strong
‘identity’ 1.15(0.31 to 1.98), p=0.007, more ‘cyclical timeline’ 1.33 (0.33 to 2.34),
p=0.010, increased ‘consequences’ 2.00 (0.60 to 3.42), p=0.006, more ‘emo-
tional representations’ 1.58 (0.08 to 3.08), p=0.039 and less ‘illness coherence’
-1.29 (-2.45 to -0.14), p=0.029 compared with patients without arthropathies.
These results indicate that IBD patients with arthropathies had more persistent
thoughts about symptoms and the perceived variability of these symptoms
associated with illness, they had more negative beliefs about the effect of IBD,
they experienced an increased emotional burden of the iliness on daily life and
had a reduced coherence of IBD compared with patients without arthropathies
(Table 2). Furthermore, arthropathies in IBD were related to increased ‘diverting



attention’ 1.34 (0.02 to 2.66), p=0.047, more 'consideration’ 1.18 (0.10 to 2.27),
p=0.033. The illness outcomes including a poorer ‘mental health’-3.10 (-5.99 to
-0.23), p=0.035 and ‘physical health’-7.22 (-9.68 to -4.77), p<0.001, and elevated
levels of ‘activity impairment’ 0.15 (0.07 to 0.23), p<0.001 were found in IBD
patients with arthropathies. More specifically, IBD patients with arthropathies
were better able to alter the focus of their attention, were more helpful to
others, but experienced poor physical and mental health, and greater activity
impairment compared to IBD patients without arthropathies.

Follow-up

The secondary aim of the present study was to examine changes of illness
perceptions and coping strategies in IBD patients with arthropathies at 1-year
follow-up. After 12 months, IBD patients with arthropathies had lower scores
on the illness perception dimension ‘treatment control’ (p=0.001), but had
an increased score on the coping strategy ‘pacing’ (p=0.030) (Table 3). These
results indicate that IBD patients with arthropathies perceived the use of med-
ical interventions having little efficacy, but they were more able to adapt the
level and intensity of their activities in daily life over time.

DISCUSSION

In this longitudinal follow-up study, we explored the effect of IBD-related
arthropathies on illness perceptions, coping strategies and outcomes, and
evaluated the changes in these factors at 1-year follow-up in IBD patients with
arthropathies. The findings of this study indicate that persistent thoughts on
symptomatology, perceived variability of symptoms, increased negative ideas
regarding illness, increased emotional impact on daily functioning and less
personal understanding of I1BD, were all iliness perceptions more commonly
perceived by patients with arthropathies compared to patients without arthrop-
athies.

In the present study, we found a different coping pattern in patients with
arthropathies compared to patients without arthropathies. IBD patients with
arthropathies were more able to divert attention and were trying to be more
useful to others. Parekh et al. have reported that patients who use optimistic,
adaptive coping styles have an increased QoL compared to IBD patients who
use evasive coping styles.?® In contrast to the report by Parekh et al., patients
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with arthropathies in the present study applied these optimistic coping strate-
gies (‘diverting attention’ and ‘consideration’) more frequently, but still reported
a reduced mental and physical health and elevated levels of activity impair-
ment compared with patients without arthropathies. This impaird QoL in IBD
patients with arthropathies, subdivided into mental and physical health, has
also been found in a study with patients with psoriatic arthritis (PsA) compared
with patients with psoriasis only (PsO). Patients with PsA experienced greater
physical disability than those with PsO, reflecting the functional disability due to
the musculoskeletal disease. As a contrast with our results, no differences were
found regarding mental health between the PsA and PsO patients.?'

In the present study, IBD patients with arthropathies had less faith in the effec-
tiveness of medical treatment at 1-year follow-up. This may be attributed to the
fact that patients still reported arthropathies after one year, despite regular
medical IBD treatment, indicating that this medical intervention was ineffective
in alleviating their joint complaints. Furthermore, we have previously reported
that active IBD is associated with arthropathies.® In this study, the mean HBI and
Simple Clinical Colitis Activity Index (SCCAI) showed a score above 4, signifying
active I1BD.

Bijsterbosch et al. studied changes in illness perceptions over a period of 6
years in patients with osteoarthritis (OA). Over this period, understanding of
theillness (i.e., 'iliness coherence’) increased, patients perceived their iliness as
less manageable and more chronic, but associated fewer negative emotions
with the OA. Patients who displayed increased symptoms, a negative impact on
daily life and had stronger beliefs regarding chronicity after 6 years follow-up
experienced a progression of disability.? IBD patients with arthropathies were
better able to adapt the number and intensity of activities to their complaints
after 1 year follow-up, indicating that they adjusted to IBD-related symptoms
compared to baseline. In patients with RA and diabetes mellitus (DM), Gafvels et
al. described a change in coping strategies during 24 months follow-up. In both
patient groups, less perceived effort was required to reduce the problems asso-
ciated with disability and less support was obtained from family and friends.
In addition, RA patients perceived a reduced ability to adapt to disease-related
disability.?

Some limitations need to be acknowledged. A first limitation of our study was
cohort selection. We included IBD patients with a mean disease duration of



15.3 years and a mean arthropathy duration of 11.6 years after IBD diagno-
sis. Broadbent et al. reported that most illness perceptions are created in the
first months after the patient is diagnosed with a disease.?® In addition, once
an illness perception has been developed, this perception will hardly change
over time.?* Future studies should include newly diagnosed IBD patients ideally
with concurrent or future onset of arthropathies. The second limitation that
needs to be mentioned is that 178 of the 204 IBD patients completed the
questionnaires regarding their IBD, of which 109 patients had self-reported
joint complaints. Only 8 completed the questionnaires based on arthropathies.
Nevertheless, the apparent differences in illness perceptions, coping and out-
comes between the groups with and without arthropathies found in the present
study probably indicate that IBD patients with arthropathies consider IBD and
arthropathies to be one disease and thus attribute subconsciously one illness
perception, coping strategy or outcome to both diseases. A third limitation is
that the CORS questionnaire used in the present study was originally designed
to measure coping in RA patients and has not been validated in IBD patients.
Though, this questionnaire was considered appropriate in the present study
since the CORS has been validated in patients with RA, an inflammatory joint
disease. Future research could use the recently developed IBD-Cope to eval-
uate the coping strategies in IBD patients and this could be compared with
results obtained by the CORS.»

Despite these limitations, the present study provides a better understanding
of the impact of arthropathies on illness perceptions, coping and outcomes
in IBD patients. However, although arthropathies in IBD were associated with
different illness perceptions, coping strategies and outcomes compared to
patients without arthropathies, for the health professional it is important that
these issues are addressed for all IBD patients visiting the outpatient clinic.
It is also important that the gastroenterologist actively listens to a patient's
complaints and additionally explores the impact of the disease on daily func-
tioning. This may modify the maladaptive illness perceptions; the perceived
diversity of symptoms related to IBD, strong (negative) views concerning sever-
ity, the increased emotional impact and the lower coherence of the illness
in IBD patients. Furthermore, the gastroenterologist should be aware of the
impact of IBD-associated arthropathies on mental and physical health and
activity impairment. Effects that might possibly be reduced by physical exer-
cise and psychosocial interventions.?*?” Cognitive behavioural therapy (CBT) or
mindfulness-based therapies appear to be effective in IBD patients, resulting in
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improved Qol, medical therapy adherence and coping, and should therefore
be considered in the health management of these patients.?®

Although, over the long-term, IBD patients with arthropathies became more
sceptical about the efficacy of medical interventions, they were better able
to adapt physical activity to their complaints compared to patients without
arthropathies. Knowledge and understanding of these progressive changes in
patients’ iliness perceptions and coping strategies should help stimulate the
promotion, for recently diagnosed patients with IBD and arthropathies, of CBT
and face-to-face consultations with a psychologist aimed at disease self-man-
agement. Furthermore, it is important that gastroenterologists provide a clear
explanation of the intended effects of medication on arthropathies and the
importance of achieving IBD remission, since disease activity is associated with
arthropathy.®
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TABLES

Table 1. Baseline characteristics.

IBD patients IBD patients P-value
with arthro- without
pathies (n=123) arthropathies
(n=81)
Type of IBD, n (%) 0.03
Crohn’s disease 95 (77.2) 51 (63.0)
Ulcerative colitis 28(22.8) 30 (37.0)
Male, n (%) 40 (32.5) 43 (53.1) 0.003
Age at inclusion (years), mean (SD) 441 (13.8) 445 (13.7)
Age of IBD onset (years), mean (SD) 28.4(11.9) 26.6 (10.4)
IBD disease duration (years), mean (SD) 15.3(12.0) 17.4(11.6)
HBI, mean (SD) 6.0 (4.9) (n=95) 2.3(2.5)(n=51)  <0.001
SCCAI, mean (SD) 4.1 (1.6) (n=28) 3.6(2.0)(n=30) 049
Smoker, n (%) 36(29.3) 11(13.6) 0.009
Employed, n (%) 68 (55.3) 60 (74.1) 0.007 CHAPTER 6
Current medication use, n (%)
5-ASA (mesa, sulfa) 20(16.3) 24(29.6) 0.02
Steroids 8 (6.5) 2(2.5) 0.19
Immunosuppressive drugs (Aza/6MP/MTX) 28 (22.8) 17 (21.0) 0.78
Anti-TNF 33(26.8) 23(28.4) 0.81
None 34(27.6) 15(18.5) 0.14
Type of joint complaints, n (%)
Peripheral joint complaints 63 (51.2) -
Back pain 12(9.8) -
Both 48 (39.0) -

Diagnosed with arthritis and fulfilled
the ASAS criteria*, n (%) 13 (10.6%)

*ASAS criteria for SpA

HBI = Harvey Bradshaw Index, SCCAI = Simple Clinical Colitis Activity Index, SD = Standard

Deviation.
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Table 2. Univariate and multivariate linear regression models showing poten-

tial associations for arthropathies as a predictor for illness perceptions, coping
strategies and illness outcomes in IBD (n=204; 123 patients with self-reported

arthropathies).

Univariate Multivariate*

Variable Beta (95% Cl) P-value Beta (95% Cl) P-value
Demographic characteristics
Type of IBD 0.14(0.02 t0 0.27) 0.027

CD (ref)

uc
Gender

Male (ref) 0.21 (0.07 to 0.34) 0.003

Female
Active IBD

Yes (ref) 0.26 (0.13 to 0.40) <0.001

No
Smoking

Yes (ref) 0.16 (0.04 to 0.27) 0.009

No
Employed

Yes (ref) -0.18 (-0.32t0 -0.05)  0.006

No
5-ASA treatment -0.13 (-0.25t0-0.02)  0.023

Yes (ref)

No
lliness perceptions
Identity 1.05 (0.73 to 2.28) <0.001 1.15(0.31 to 1.98) 0.007
Timeline chronic 0.17 (-0.78 t0 1.12) 0.729 - -
Timeline cyclical 1.63(0.70 to 2.55) 0.001 1.33(0.33t0 2.34) 0.010
Consequences 2.52 (1.17 to 3.86) 0.001 2.00 (0.60 to 3.42) 0.006
Personal control -1.22 (-2.34t0-0.11) 0.032 -0.83(-2.03t0 0.37) 0.176
Emotional representations 1.69 (0.31 to 3.06) 0.017 1.58 (0.08 to 3.08) 0.039
lliness coherence -1.36 (-2.42 t0 -0.31) 0.011 -1.29(-2.45t0-0.14) 0.029
Treatment control -0.83 (-1.58 t0 -0.07) 0.031 -0.48 (-1.28t0 0.31)  0.230
Coping strategies
Comforting cognitions 1.36 (-0.04 to 2.76) 0.057 - -
Decreasing activity 1.33(0.15to0 2.51) 0.027 0.64 (-0.61 to 1.88) 0.316
Diverting attention 1.61(0.39to 2.82) 0.010 1.34(0.02 to 2.66) 0.047
Optimism 0.58 (-0.29to 1.44) 0.190 - -
Pacing 1.72(0.16 to 3.29) 0.031 0.87 (-0.73 to 2.46) 0.286
Creative solution seeking 1.0(-0.14 to 2.14) 0.086 - -
Acceptation 0.24 (-0.86 to 1.33) 0.670 - -
Consideration 1.11(0.11to 2.11) 0.030 1.18(0.10 to 2.27) 0.033
lliness outcomes
Mental health -3.61(-6.25t0-0.97)  0.008 -3.10(-5.99t0-0.23) 0.035
Physical health -9.00 (-11.40to -6.12)  <0.001 -7.22 (-9.68to-4.77) <0.001
Activity impairment 0.21 (0.14 t0 0.29) <0.001 0.15(0.07 to 0.23) <0.001
Work impairment 0.11 (0.01 to 0.20) 0.030 0.09 (-0.02 to 0.20) 0.094

*Beta’s shown in the multivariate model represent the value for the variable ‘arthropathies’ adjusted
for demographic characteristics (type of IBD, gender, active IBD, smoking, employment status and

5-ASA).



Table 3. Changes in illness perceptions, coping strategies and illness
outcomes in IBD patients with arthropathies in 1-year follow-up.

IBD patients with IBD patients with P-value*

arthropathiest=0 arthropathiest=12

(n=123) (n=111)
lliness perceptions, mean (SD)
|dentity 4.95 (2.83) 4.97 (2.87) 0.95
Timeline chronic 26.08 (3.39) 26.12 (2.73) 0.92
Timeline cyclical 14.68 (2.91) 14.79 (2.66) 0.67
Consequences 19.50 (4.40) 19.79 (4.64) 0.34
Personal control 17.00 (3.77) 17.11 (3.96) 0.72
Emotional representations 16.08 (5.02) 15.58 (5.36) 0.18
lliness coherence 18.15(3.97) 18.43 (3.89) 0.45
Treatment control 15.53(2.83) 14.56 (3.05) 0.001
Coping, mean (SD)
Comforting cognitions 26.63 (4.49) 26.45 (4.37) 0.64
Decreasing activity 18.41 (3.77) 18.70 (4.26) 0.35
Diverting attention 19.36 (3.99) 19.30 (4.10) 0.89
Optimism 14.94 (3.09) 14.86 (3.13) 0.78
Pacing 2413 (5.37) 25.16 (5.49) 0.03
Creative solution 20.31 (3.96) 20.66 (4.46) 0.42
Accepting 12.82 (3.86) 13.15 (3.65) 0.35
Consideration 19.38 (3.48) 19.54 (3.11) 0.61
lliness outcomes, mean (SD)
PCS 43.42 (9.00) 43.76 (9.28) 0.63
MCS 45.33(10.16) 45.36 (10.16) 0.98
Work impairment (n) 0.29 (0.29) (n=68) 0.27 (0.27) (n=62) 0.78
Activity impairment 0.43(0.27) 0.40 (0.28) 0.26

SD = Standard Deviation. *Mixed model analysis.
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ABSTRACT

Background: Back and joint pain are the most common extra-intestinal symp-
toms reported by patients with inflammatory bowel disease (IBD). We assessed
the impact of back/joint pain, illness perceptions, and coping on quality of life
(QoL) and work productivity in patients with I1BD.

Methods: Our cohort included 155 IBD patients with and 100 without arthropa-
thy. Arthropathy was defined as daily back pain for > 3 months and/or peripheral
joint pain and/or joint swelling over the last year. At baseline and at 12 months,
patients completed questionnaires on the extent of back/joint pain, IBD disease
activity, illness perceptions, coping, QOL, and work productivity. The impact of
back/joint pain, illness perceptions and coping on QOL and work productivity
was determined, using linear mixed models.

Results: In total, 204 IBD patients (72% Crohn’s disease, 40% male, mean age
44+14 years) completed questionnaires at both time points. At both time points,
IBD patients with back/joint pain reported a significantly lower QoL and work
productivity compared with IBD patients without back/joint pain. Predictors of
low QoL were back/joint pain (8 —=1.04, 95% confidence interval (Cl) =1.40 to
-0.68), stronger beliefs about the illness consequences (3 —0.39, 95%Cl: -0.59
to —=0.18) and emotional impact of IBD (3 —0.47, 95%Cl: —0.66 to —0.28), and the
coping strategy ‘decreasing activity' (8 —0.26, 95%Cl: —0.48 to —0.03). Predictors
of work productivity were back/joint pain (13 0.22, 95%Cl: 0.07 to 0.37) and illness
consequences (13 0.14, 95%Cl: 0.06 to 0.22).

Conclusion: Back/joint pain, illness perceptions, and coping are significant
predictors of QOL and work productivity, after controlling for disease activity.



INTRODUCTION

Arthropathies are the most common extra-intestinal manifestations (EIMs) in
patients with inflammatory bowel disease (IBD), with prevalence rates ranging
between 1 and 46%."'°In general, arthropathies affect young IBD patients at
the peak of their working life and are therefore potentially associated with high
morbidity and increased costs." IBD-associated arthropathy is considered a
subtype of spondylarthropathy and may involve both peripheral and axial joints.
Back and joint pain (hereafter referred to as ‘back/joint pain’) are the most
important clinical manifestations of IBD-associated arthropathy.

Although back/joint pain is major problem in the general population,' data
on the impact of back/joint pain on the quality of life (QoL) and work disability
in patients with IBD are scarce. According to a population-based study® and
a cross-sectional study,* QoL was significantly reduced in IBD patients with
non-inflammatory joint pain and self-reported arthritis, respectively. Yet the
impact of back/joint pain on work productivity and the relationships between
back/joint pain, illness perceptions, coping, and important outcomes such as
QoL and work productivity has not been assessed before.>*

It has been shown clearly that QoL and other health outcomes are associated
not only with the disease itself, but also with factors such as illness percep-
tions and coping. The relationships between disease characteristics, illness
perceptions, coping, and health outcome are supported by the Common Sense
Model."*™* According to this model, patients generate both cognitive and emo-
tional representations (known as illness perceptions) in response to a perceived
health threat or illness. lliness perceptions provide a framework for patients
to make sense of their symptoms and create a coherent view of their illness.
This in turn guides coping strategies, such as decreasing or pacing activities,
with potential impact on health outcomes such as QoL and work productivity.
Thus, the impact of iliness perceptions on health outcomes may be attenuated
by adopting a certain coping strategy.

The efficacy and validity of the Common Sense Model has been shown in
patients with various chronic illnesses, such as rheumatoid arthritis and multi-
ple sclerosis.’™ ¢ Previous studies in IBD have also found strong relationships
between illness perceptions, coping, and various health outcomes, including
QoL, psychological distress (depression and anxiety), sexual health, and disa-
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bility.””?> Improving our understanding of the relationships between back/joint
pain, illness perceptions, and coping behaviors in patients with IBD may provide
possible targets for biopsychosocial interventions aimed at reducing morbidity
and costs and increasing patients’ QolL.

In this prospective study we aimed to examine the impact of back/joint pain,
illness perceptions, and coping on QoL and work productivity in a carefully
selected group of IBD patients, after controlling for demographic and clinical
characteristics.

MATERIAL & METHODS

Patient population and study design

Between July 2009 and February 2010, 258 IBD patients were systematically
assessed by a multidisciplinary team of gastroenterologists and rheumatolo-
gists at the JOINT outpatient clinic of the Leiden University Medical Centre. The
systematic assessment consisted of a medical history (extra-intestinal mani-
festations, medication use), physical examination (distribution of painful joints,
enthesitis, dactylitis)?, laboratory tests (C-reactive protein, erythrocyte sedi-
mentation rate, HLA-B27), and signs of sacrailiitis on X-ray (optional).?” Based
on this assessment 155 (60.1%) patients with and 100 (38.8%) patients without
arthropathy were identified. Arthropathy was defined as chronic back pain for at
least 3 months, and/or peripheral joint pain/swelling at presentation or during
the previous year. Three patients (1.1%) with fibromyalgia were excluded.

Patients were then prospectively followed for 12 months. At baseline and at 12
months of follow-up, patients completed a web-based or postal questionnaire
covering demographic characteristics (age, gender, and working status), the
presence and extent of back/joint pain, illness perceptions, coping strategies,
Qol, work productivity, and activity impairment (see below). Variables concern-
ing I1BD subtype and the Montréal classification were obtained from medical
records.

As we were primarily interested in the impact of current back/joint paint on QoL
and work productivity, the patient population was divided into patients with
and without back/joint pain as reported at baseline. Obviously, as we relied on
self-reported data, the presence of joint swelling could not be ascertained.The



study was centrally approved by the Ethics Committee of the Leiden University
Medical Center. All patients an signed informed consent form.

Predictors

Back/joint pain and IBD clinical disease activity

Back/joint pain was quantified using two 11-point numeric rating scales, one
for back pain and one for joint pain, ranging from 0 ('no back/joint pain’) to 10
(worst imaginable back/joint pain’) during the previous week. The mean score
was used for patients reporting both back and joint pain. Clinical IBD activity was
measured with the well-validated Harvey Bradshaw Index (10 items, excluding
the question about abdominal mass)?® and the Simple Clinical Colitis Activity
Index (nine items)?° for patients with Crohn’s disease (CD) and ulcerative colitis
(UC), respectively. A score > 4 indicated active disease.

lliness perceptions

lllness perceptions were measured with the Revised Iliness Perception Ques-
tionnaire (IPQ-R).*° For the present study, eight subscales of the IPQ-R were
used: 'lliness identity’ (number of symptoms that patients associate with I1BD);
Timeline chronic’ (expected duration of IBD); Timeline cyclical’ (expected cycli-
cal symptomatology of IBD); ‘Consequences’ (negative consequences for the
patients' lives); ‘Personal control’ (perceived personal control over IBD); Treat-
ment control’ (perceived efficacy of treatment); ‘Emotional representations’
(negative emotions resulting from IBD); and ‘Coherence’ (personal understand-
ing of IBD). The lliness identity subscale is calculated by summing the symptoms
(range 0-14) that patients associate with IBD. For the other subscales items are
rated on a five-point Likert scale (from ‘strongly disagree’ to ‘'strongly agree’). To
facilitate interpretation of these subscales, mean scores are presented. Sub-
scales showed a high internal reliability (Cronbach’s a ranging from 0.76 to
0.89), except for the Treatment control subscale (0.59), which was therefore
excluded from further analysis.

Coping

Coping was measured with the Coping with Rheumatic Stressors question-
naire (CORS), covering eight coping strategies directed at the most important
stressors of immune-mediated inflammatory disease (e.g. IBD), including pain,
limitations, and dependency.?’ Coping strategies directed at pain included
‘Comforting cognitions’ (self-encouragement, putting the pain into perspec-
tive; nine items), ‘Decreasing activities' (eight items), and ‘Diverting attention’
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(thinking about something nice; eight items). Coping strategies directed at lim-
itations included ‘Optimism’ (five items), ‘Pacing’ (adapting one’s level of activity;
10 items), and ‘Creative solution seeking' (finding creative solutions to cope
with limitations in work, household activities, leisure time, and hobbies; eight
items). Coping strategies directed at dependency included ‘Accepting’ (making
an effort to accept one’s level of dependency; six items) and ‘Consideration’
(thoughtful concern for others; seven items). For each item, patients reported
how often they employed a particular coping strategy (1 = ‘'seldom or never’, 2
='sometimes, 3 ='often’, 4 = very often’). Higher scores indicate more frequent
use of a particular coping strategy. Internal reliability within the subscales was
high (Cronbach’s a ranging from 0.78 to 0.86).

Health outcomes: QoL, work productivity and activity impairment

The QoL was measured with both a disease-specific and a generic question-
naire. The Short Inflammatory Bowel Disease Questionnaire (SIBDQ) was
developed as a short version of the IBDQ, and is a simple, validated 10-item
questionnaire that assesses disease-specific QoL of patients with IBD.2*32
Total scores range from 10 to 70, with a higher score indicating better QoL.
The Short-Form 36 (SF-36) is a generic questionnaire comprising 36 items,
grouped within a Physical Component Score (PCS) and a Mental Component
Score (MCS).> The PCS consist of physical functioning, role of limitations due to
physical health problems, bodily pain, and general health perception. The MCS
consists of vitality, social function, role limitations due to personal or emotional
problems, and mental health. Each component score has a score ranging from
0 to 100, with a high score indicating better functional status.

The Work Productivity and Activity Impairment questionnaire (WPAI) assesses
the impact of IBD on work productivity and daily activities during the previ-
ous 7 days.>>? It generates four component scores: percentage of work time
missed (absenteeism); percentage of impairment while working (presentee-
ism); percentage of overall work impairment (absenteeism and presenteeism
combined); and percentage of activity impairment. Unemployed patients only
answered questions relating to employment status and activity impairment.
Scores for WPAI range from 0 ('no impairment’) to 100 (‘total loss of work pro-
ductivity/activity or work impairment’).



Statistics

Data analyses were performed using SPSS 20.0 and SAS 9.2. Descriptive sta-
tistics were used to characterize CD and UC patients. Means and medians
were reported with a standard deviation (SD) and interquartile range (IQR),
respectively. Mean baseline differences with regard to QoL, work productiv-
ity, and activity impairment between patients with and without back/joint pain
were determined using the paired Student's t-test. Univariate analyses were
performed to assess associations between back/joint pain, illness perceptions,
coping, and outcomes, including QoL, work productivity, and activity impair-
ment. To correct for multiple testing, the level of significance was set at p<0.007
(0.05/7) and p<0.006 (0.05/8) for the illness perceptions (seven IPQ-R subscales)
and coping (eight CORS subscales), respectively. Linear mixed models with
random intercept were used to assess the independent effects of back/joint
pain, illness perceptions, and coping on Qol, work productivity, and activity
impairment. Independent variables that reached significance in univariate anal-
yses were included. Based on previous data,*” gender and disease activity were
included as covariates. To assess whether back/joint pain, illness perceptions,
and coping contributed to the variance of outcomes, multiple linear mixed
models were used. With the Common Sense Model as the theoretical frame-
work, back/joint pain was entered in the first step, illness perceptions in the
second step, and coping strategies in the third step. The likelihood ratio test
(difference of -2 log likelihood between two steps) was performed to assess
whether each step significantly improved our model.

RESULTS

Baseline characteristics of study population

The baseline questionnaire was completed by 245/255 patients (response rate
96.1%), of whom 204 also completed the follow-up questionnaire at 12 months
(loss to follow-up 16.7%) (Figure 1). Thus, the 204 patients who completed
questionnaires at both time points constituted our study population. Of the
204 patients, 146 (71.6%) had CD and 58 (28.4%) had UC, with a mean age
of 44.3 (SD=13.7) years and a median disease duration of 15.0 (IQR 7.0-24.0)
years (Table 1). In CD, ileocolonic disease (65/146; 44.5%), and inflammatory
behavior (62/146; 42.5%) were the most common disease phenotypes. In UC,
pancolitis (34/58; 58.6%) was the dominant disease phenotype. Based on the
numeric rating scale, back/joint pain was present in 113/204 (55.4%) patients,
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of whom 41 (36.3%) had peripheral joint pain, 8 (7.1%) had back pain, and 64
(56.6%) had mixed complaints. At physical examination, 45/105 (42.9%) patients
with peripheral or mixed joint complaints had four or more tender joints (pol-
yarticular). Enthesitis was present in 2 (1.0%) patients, dactylitis in 2 (1.0%), and
extra-intestinal manifestations in 49 (24.0%) patients. Further investigations
revealed an elevated C-reactive protein in 30 (14.7%) patients, elevated eryth-
rocyte sedimentation rate in 42 (20.9%), HLA-B27 seropositivity in 7/118 (5.9%),
and sacrailiitis on X-ray in 5/123 (4.1%) patients.

Supplementary Material A (page 196) shows data on baseline demographic and
clinical variables in completers and non-completers. There were no relevant
statistical significant differences between both groups, except that non-com-
pleters had a significantly younger mean age (38.4 versus 44.3 years, p=0.011).

Baseline levels of quality of life, work and activity impairment

IBD patients with back/joint pain had significantly lower levels of disease-spe-
cific QoL (SIBDQ: 47.8+10.7 vs. 55.1+8.7) and generic QoL (SF-36 PCS: 41.9+8.9
vs. 52.1+£7.6; SF-36 MCS: 45.1+10 vs. 48.7+8.6) at baseline as compared to
IBD patients without back/joint pain (Figure 2). Additionally, IBD patients with
back/joint pain had significantly higher levels of work impairment (45.0+9.9 vs.
22.0+£3.3) and activity impairment (37.0+8.1 vs. 19.0+2.9) at baseline as com-
pared to IBD patients without back/joint pain (Figure 2).

Predictors of QoL and work activity impairment

Based on the univariate analyses (Supplementary Material B (page 197)), each
of the illness perceptions and coping strategies were significantly associated
with Qol, work and activity impairment and, therefore, were included in mul-
tiple linear mixed models. Clinical disease activity was significantly associated
with back/joint pain ([3 2.04, p<0.0001), with a variance inflation factor of 1.00,
indicating no multicollinearity.

In the first step of our multivariate model we assessed whether back/joint pain
was associated with disease-specific QoL (SIBDQ), generic QoL (SF-36 PCS and
SF-36 MCS), work impairment, and activity impairment (Tables 2-4), while con-
trolling for gender and IBD activity. Back/joint pain was significantly associated
with SIBDQ 3 (95%Cl): -1.04 (-1.40 to -0.68), SF-36 PCS -1.69 (-2.00 to -1.38),
SF-36 MCS -0.48 (-0.87 to -0.10), work impairment 0.22 (0.07 to 0.37), and
activity impairment 0.48 (0.39 to 0.58).



In the second step of our multivariate model we assessed whether the addition
ofillness perceptions significantly improved our first model, using the likelihood
ratio test (difference in -2 Log Likelihood between both models). The addition of
illness perceptions improved the first model for all health outcomes (p=0.01).
‘lliness consequences’ were significantly associated with SIBDQ 3 (95%Cl): -0.39
(-0.59 to -0.18), SF-36 PCS -0.59 (-0.77 to -0.40), work impairment 0.14 (0.06
to 0.22) and activity impairment 0.13 (0.07 to 0.18), meaning that low QoL and
work and activity impairments were associated with stronger beliefs that IBD will
have negative consequences for the person’s life. ‘Emotional representations’
were significantly associated with SIBDQ 3 (95%Cl): -0.47 (-0.66 to -0.28), SF-36
MCS -0.72 (-0.93 to -0.52), and activity impairment 0.06 (0.01 to 0.12), meaning
that low QoL and a high activity impairment were associated with negative
beliefs about how the illness affects one's emotional well-being.

In our third model we assessed whether the addition of coping significantly
improved our second model. The addition of coping improved the second
model across SF-36 PCS (p=0.00), SF-36 MCS (p=0.00), and activity impairment
(p=0.00). 'Decreasing activity' was significantly associated with SIBDQ 3 (95%Cl):
-0.26 (-0.48 to -0.03), SF-36 PCS -0.21 (-0.41 to -0.01), SF-36 MCS -0.42 (-0.66
to -0.18), and activity impairment 0.10 (0.04 to 0.17). In addition, we assessed
whether the impact of illness perceptions on health outcomes was mediated
by particular coping strategies. ‘Decreasing activity' mediated the impact of the
illness perceptions ‘identity’ and ‘consequences’ on both SF-36 PCS and SF-36
MCS.

DISCUSSION

In this prospective study of patients with IBD-associated arthropathy, we found
that back/joint pain had a negative impact on QoL and work productivity. This
negative impact on QoL and work productivity remained significant during a fol-
low-up of 12 months, after controlling for gender and IBD activity. Additionally,
the QoL and work productivity of IBD patients were also highly determined by
several illness perceptions and, to a lesser extent, by coping,.

To our knowledge, this is the first study to date assessing the impact of illness
perceptions and coping on QoL and work productivity in patients with IBD-as-

sociated arthropathy.
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Although QoL and work productivity were mainly determined by back/joint pain
and activity of IBD, iliness perceptions contributed significantly to the variance
of these outcomes. Our findings are in line with previous studies in CD and
UC assessing the impact of disease characteristics and illness perceptions on
various health outcomes."”"822 |n these studies, disease characteristics (mainly
disease activity) contributed 49-68%20-'2°and 23%'"” of the variance of QoL and
disability, respectively. lliness perceptions contributed an additional 9-21%""
1823 and 23%'7 of variance of QoL and disability, respectively. In this study we
have demonstrated that a decrease in QoL was highly associated with stronger
beliefs that IBD will have negative consequences for one's life (i.e. illness conse-
quences), and negative beliefs about how IBD affects one's emotional well-being
(i.e. emotional representations). The strong impact of illness consequences and
emotional representations has been confirmed by previous studies in IBD. For
instance, in a study of 80 IBD patients it was shown that illness consequences
were moderately or strongly associated with different aspects of adjustment
to their disease, including psychological distress, QoL and functional independ-
ence.”

We also examined whether coping added significantly to the variance of health
outcomes, after controlling for gender, disease activity, and remaining illness
perceptions. Coping is defined as ongoing cognitive or behavioral efforts to
manage psychological distress.?*3° Coping strategies (or styles) can either be
active (problem-based) or passive (emotion-based). Active coping (creative solu-
tion seeking, decreasing activities, and pacing) aims to alter or eliminate the
source of stress, while passive coping (consideration, accepting, optimism) aims
to reduce the emotional distress caused by the situation. Patients with IBD are
more likely to rely on passive coping strategies.** Consistent with previous
evidence in IBD, we found that coping significantly added to the variance of
QoL and impairments in daily activity.?*?> However, other studies in IBD did
not observe a contributory role of coping with respect to Qol, psychological
distress and functional independence.””? This may be explained by the fact
that in these studies coping was assessed with a generic coping questionnaire,
which tends to obscure associations between illness-specific coping, QoL, and
activity and work impairments. In the present study we used the disease-spe-
cific coping questionnaire, which addresses coping strategies directed at the
most important stressors of immune-mediated inflammatory diseases, includ-
ing pain, limitations, and dependency.



Additionally, we found that the behavioral coping strategy ‘decreasing activities'
was negatively associated with QoL and activity impairments. This association
has not been observed in IBD before. In patients with rheumatoid arthritis and
ankylosing spondylitis, decreasing activity has been clearly found to be nega-
tively associated with QoL,* functional status,*#> and work productivity.*® It has
been postulated that avoidance (i.e. decreasing activities) may have beneficial
effects in the short term by facilitating healing in rheumatoid arthritis. However,
in the long term it becomes a maladaptive coping strategy by limiting joint
movement and inducing muscle weakness and disuse.*#?

Finally, we have demonstrated that the impact of iliness perceptions, in particu-
lar illness identity and illness consequences, on QoL is reduced when patients
do not decrease activity in order to cope with pain. This mediating effect sup-
ports the Common Sense Model,">™ which states that the impact of illness
perceptions on health outcomes may be attenuated by adopting a particular
coping strategy.

This study has several important strengths. First, all patients were systematically
examined by a multidisciplinary team of gastroenterologists and rheumatol-
ogists. Second, patients were prospectively followed for 12 months, which
enabled us to assess the predictive value of back/joint pain, iliness perceptions,
and coping on several important patient-reported health outcomes. Third, the
results of our multiple linear mixed models strongly support the well-validated
Common Sense Model. This study has also several limitations. First, as reflected
by the relatively high proportion of anti-tumor necrosis factor users, our study
included a selected patient group. Therefore, extrapolation of our data to the
general IBD population may be limited. However, the primary aim of the present
study was to determine associations between back/joint pain, illness percep-
tions, and coping that are also applicable to population-based samples. Second,
attrition bias may have occurred due to differences between patients who did
and did not complete the follow-up period. However, demographic and dis-
ease characteristics were similar between the two groups, except for the lower
age of the non-completers. We consider that this difference did not affect our
outcomes, since age was not found to be associated with QoL and work produc-
tivity (Supplementary Material B). Third, as the CORS has not been validated in
patients with IBD-associated arthropathy, coping strategies directed at IBD-spe-
cific stressors such as abdominal pain, urgency, and diarrhoea might have been
missed. However, the CORS has been extensively validated in patients with
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rheumatoid arthritis, a comparable immune-mediated inflammatory disease
with regard to pathogenesis, stressors and treatment. Besides, IBD studies
that used a generic, though validated coping questionnaire failed to identify
relevant coping strategies. Fourth, although we adjusted for the most important
confounders, such as gender and clinical disease activity, residual confounding
cannot be completely excluded.

If these limitations are taken into consideration, we feel that this prospective
study provides valuable data for clinical practice. Arthropathies are the most
common extra-intestinal manifestation in IBD, leading to significant morbidity,
disability, and societal costs. Recently, it has been reported that self-reported
joint pain is a major predictor of work disability in patients with IBD.>® Work
disability is major cost driver, accounting for 18-69% of overall costs in IBD.>"?
Thus, adequate treatment of back/joint pain may lead to reduced work disa-
bility and associated costs. Nevertheless, many patients with 1BD-associated
arthropathy remain undiagnosed.>® Apart from providing these patients with
the appropriate medical treatment, their QoL and work productivity can be
further improved by behavioral interventions. These interventions should be
aimed at eliciting and addressing patients' iliness perceptions and stimulating
adaptive coping strategies. Previous studies have already shown that behavioral
interventions based on the Common Sense Model can change illness percep-
tions and coping strategies of patients after myocardial infarction and patients
with end-stage renal disease, and thereby improve major components of QoL
(e.g. return to work).>*>’

In conclusion, back/joint pain persistently and negatively impacted the QoL and
work productivity of patients with IBD-associated arthropathy. lliness percep-
tions and coping also had a significant impact on QoL and work productivity.
As potentially modifiable factors, iliness perceptions and coping may provide
additional targets for behavioral interventions, aimed at improving QoL and
increasing work productivity. Multidisciplinary teams, incorporating such inter-
ventions, are warranted.
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TABLES AND FIGURES

Table 1. Demographic and clinical variables of the study population.

Variable IBD patients (n=204)
Type of IBD, n (%)
Crohn’s disease 146 (71.6)
Ulcerative colitis 58 (28.4)
Age (years), mean (SD) 443 (13.7)
Male gender, n (%) 82 (40.2)
Current smoker, n (%) 47 (23.0)
Disease duration (years), median (IQR) 15.0 (7.0-24.0)
Employed, n (%) 128 (62.6)

Montreal classification
Location CD, n (%)

L1 ileal 36 (24.7)
L2 colonic 33 (22.6)
L3 ileocolonic 65 (44.5)
L1-3 + L4 upper 12 (9.5)
Behaviour CD, n (%)
B1 non-stricturing/penetrating 62 (42.5)
B2 stricturing 22 (15.1)
B3 penetrating 21 (14.4)
+ perianal disease 41 (28.1)
CHAPTER 7 Extension UC, n (%)
E1 ulcerative proctitis 4(6.9)
E2 left sided UC 20 (34.5)
E3 extensive UC (pancolitis) 34 (58.6)
Current medication use, n (%)
5-ASA 44.(21.6)
Steroids 10 (4.9)
Immunomodulators 45(22.1)
Anti-TNF agents 56 (27.5)
Axial and/or peripheral joint complaints, n (%) 113 (55.5)
Peripheral joint complaints only 41 (36.3)
Back pain only 8(7.1)
Mixed complaints 64 (56.6)
Distribution (painful) peripheral joints, n (%)
Monoarticular 15(14.3)
Oligoarticular 45 (42.9)
Polyarticular 45 42.9)
Enthesitis?, n (%) 2(1.0)
Dactylitis®, n (%) 2(1.0)
Extra-intestinal manifestation®, n (%) 49 (24.0)
Elevated C-reactive protein, n (%) 30 (14.7)
Elevated erythrocyte sedimentation rate, n (%) 42 (20.9)
HLA-B27¢ n (%) 7(5.9)
Sacroilitis on X-ray, n (%) 5/123 (4.1)

2reference 26; °skin: psoriasis, erythema nodosum, pyoderma gangrenosum. joint: arthri-
tis, dactylitis, heel enthesitis, ankylosing spondylitis, eye: acute anterior uveitis (current or
past); “HLA-B27 status was available in 118 patients; Yresults of X-ray were available in 123
patients. IQR: Inter Quartile Range.
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Table 2. Linear mixel model with SIBDQ as outcome variable and demo-
graphic/clinical variables (step 1), illness perceptions (step 2), and coping
(step 3) as independent variables.

Quality of life
Predicting variables Beta 95% Cl
Step 1: Demographic & clinical variables
Disease activity -1.17%%*% 141 t0-0.93
Joint pain -1.04%** 140 to -0.68
Step 2: lliness perceptions
|dentity -0.17 -0.48t0 0.14
Consequences -0.39***  -0.59t0-0.18
Personal control -0.08 -0.27t0 0.10
lliness coherence 0.14 -0.08 t0 0.35
Timeline cyclical -0.36**  -0.63t0-0.10
Emotional representations -0.47***  -0.66 to -0.28
Step 3: Coping
Decreasing activity -0.26 -0.48 to -0.03
Pacing 0.11 -0.06t0 0.28

* = pvalue <0.05, ** = p value <0.01, *** p value <0.001. SIBDQ = Short Inflammatory Bowel
Disease Questionnaire.

Table 3. Linear mixed models with SF-PCS and SF-MCS as outcome varia-
bles and demographic/clinical variables (step 1), illness perceptions (step
2), and coping (step 3) as independent variables.

PCS MCS
Predicting variables Beta 95% Cl Beta 95% Cl
Step 1: Demographic & clinical characteristics
Gender - - -0.90 -2.84101.03
Disease activity -0.63***  -0.84t0-0.42 -0.58*** -0.84 t0 -0.31
Joint pain -1.69***  -2.00t0-138 -0.48* -0.87t0-0.10
Step 2: Iliness perceptions
|dentity -0.34* -0.62t0-0.06 -0.01 -0.34 t0 0.31
Consequences -0.59***  -0.77t0-040 -0.21 0.42 to 0.00
Personal control 0.20* 0.03to 0.37 0.09 -0.11t0 0.29
lliness coherence - - 0.30** 0.08 to 0.52
Timeline cyclical = = -0.04 -0.32t00.23
Emotional representations 0.08 -0.07t00.24  -0.72*** -0.93t0 -0.52
Step 3: Coping
Decreasing activity -0.21* -0.41t0-0.01  -0.42** -0.66t0-0.18
Pacing -0.17 -035t00.00 0.23 -0.05to 0.51
Creative solutions - - 0.03 -0.16 to 0.22

*=pvalue <0.05, ** = p value <0.01, *** p value <0.001. SF-36-PCS = Short Form-36 Physical
Component Score, SF-36-MCS = Short Form-36 Mental Component Score.
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Table 4. Linear mixed model with work productivity and activity impair-
ment (WPAI) as outcome variables and demographic/clinical variables
(step 1), iliness perceptions (step 2), and coping (step 3) as independent

variables.

Work productivity Activity impairment
Predicting variables Beta 95% Cl Beta 95% Cl
Step 1: Demographic & clinical characteristics
Gender = = 0.26 -0.22t0 0.75
Disease activity 0.41%** 029t00.53 0.19*** 0.12t00.25
Joint pain 0.22*%*  0.07t00.37 0.48*** 0.39to0 0.58
Step 2: Iliness perceptions
Identity 0.05 -0.08t00.19  0.10* 1.01t00.19
Consequences 0.14* 0.06t00.22 0.13*** 0.07t00.18
Personal control = - -0.03 -0.08 to 0.02
lliness coherence -0.08 -0.17t0 0.01  0.01 -0.05 to 0.07
Timeline cyclical -0.00 -0.11t0 0.10  0.02 -0.06 to 0.09
Emotional representations 0.04 -0.04t0 0.12 0.06* 0.01t0 0.12
Step 3: Coping
Decreasing activity 0.07 -0.02t0 0.16 0.10**  0.04t00.17
Pacing 0.04 -0.04t0 0.11  0.02 -0.03 to 0.07

* = p value <0.05, ** = p value <0.01, *** p value <0.001. WPAI = Work Productivity Activity

Impairment.



Figure 1. Study flow-chart.
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Figure 2. Mean baseline levels of generic quality of life (SF-36-PCS, SF-36-
MCS), disease-specific quality of life (SIBDQ), Work and Activity Impairment

(WPAI) in IBD patients with (n=113) and without (n=91) joint pain.
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ABSTRACT

Background: This pilot study evaluates brain involvement in quiescent Crohn’s
Disease (CD) patients with fatigue using quantitative Magnetic Resonance Imag-
ing (MRI).

Methods: Multiple MRI techniques were used to assess cerebral changes in
20 quiescent CD patients with fatigue (defined with at least 6 points out of an
11-point numeric rating scale (NRS)) compared with 17 healthy age and gender
matched controls without fatigue. Furthermore, mental status was assessed by
cognitive functioning, based on the neuropsychological inventory (NPI) including
the different domains global cognitive functioning, memory and executive func-
tioning and in addition mood and quality of life scores. Cognitive functioning
and mood status were correlated with MRI findings in the both study groups.

Results: Reduced glutamate + glutamine (GIx = Glu + GIn) concentrations
(p=0.02) and ratios to total creatine (p=0.02) were found in CD patients com-
pared with controls. Significant increased Cerebral Blood Flow (CBF) (p=0.05)
was found in CD patients (53.08+6.14 ml/100g/min) compared with controls
(47.60+8.62 ml/100g/min). CD patients encountered significantly more depres-
sive symptoms (p<0.001). Cognitive functioning scores related to memory (p =
0.007) and executive functioning (p=0.02) were lower in CD patients and both
scores showed correlation with depression and anxiety. No correlation was
found subcortical volumes between CD patients and controls in the T,-weighted
analysis. In addition, no correlation was found between mental status and MRI
findings.

Conclusion: This work shows evidence for perfusion, neurochemical and
mental differences in the brain of CD patients with fatigue compared with
healthy controls.



INTRODUCTION

Crohn's disease (CD) is a relapsing inflammatory bowel disease (IBD)', char-
acterized by segmental transmural lesions that can affect any part of the
gastrointestinal tract.? Besides gastrointestinal symptoms, fatigue is common
in CD patients. In contrast to regular fatigue which affects nearly everyone,
disease-related fatigue is more long lasting and may occur despite sufficient
sleep and rest. Generally, fatigue lasting for more than 6 months is considered
chronic and is significantly more prevalent in IBD patients than in healthy con-
trols.? Although fatigue is influenced by IBD disease activity, 40% of the patients
with quiescent disease report fatigue as well and contributes negatively to the
patients’ health-related quality of life (QoL).**

The pathogenesis of CD is multifactorial and results from an impaired interaction
between environment, commensal microbiota and the human immune system,
leading to a chronic inflammatory status and eventually CD.%7 Furthermore, in
both quiescent and active CD patients increased levels of circulating inflam-
matory cytokines, such as tumour necrosis factor-a (TNF-a) are reported.8'0
Although quiescent CD patients report fewer clinical symptoms and score less
on the clinical activity score compared with active CD patients, inflammatory
cytokines are present.*'® TNF-a can be secreted by a large variety of cells® and
can initiate a signalling stimulus to the brain parenchyma that will subsequently
activate microglia. Activated microglia stimulates the production of monocyte
chemo-attractant protein (MCP)-/CCP2, which recruits monocytes into the
brain.>'" Moreover, this cerebral infiltration of monocytes plays an important
role in driving inflammation in the brain.'"'

Magnetic Resonance Imaging (MRI) is an imaging technique widely used to visu-
alize the effect of several neurological diseases, such as Multiple Sclerosis (MS),
Parkinson's Disease and Alzheimer disease, in the brain.™ A variety of MRl meth-
ods can be employed to identify cerebral changes due to a specific disease.
These methods include T -weighted imaging, magnetization transfer imaging
(MTI), magnetic resonance spectroscopy (MRS), arterial spin labeling (ASL) and
diffusion tensor imaging (DTI). T -weighted imaging provides high-resolution,
high-contrast anatomical images of the brain and can be used to determine the
volumes of the grey matter (GM), white matter (WM), cerebral spinal fluid (CSF)
and subcortical structures.’ Through voxel based morphometry (VBM), it is
possible to visualize local changes in GM volumes.™ MTl is a technique sensitive
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to brain tissue microstructural changes, stemming from changes in macromol-
ecules such as myelin or cell membranes.” MRS measures the concentration
of certain metabolites in living tissues and gives evidence for neurochemical
changes.'® ASL is a non-invasive tool for the quantification of regional cerebral
blood flow (CBF)' and can reveal changes in tissue perfusion. DTl is sensitive
to minute changes in tissue microstructure, such as changes in myelin integrity
and axonal density in white matter fiber tracts, based on the random motion
or diffusion of water molecules.?°

Previous MRI studies have shown that systemic inflammation contributes to
cognitive decline, for example in relation to aging,?' but also to brain diseases
including Alzheimer disease, MS and Parkinson’s disease by promoting activa-
tion of the immune system.?>?4 Metabolic and cerebral perfusion changes have
been found in the brain of patients with Rheumatoid Arthritis (RA), Systemic
Sclerosis (SS¢) and Systemic Lupus Erythematosus (SLE)."'22532|n addition, pre-
vious studies performed in patients with Chronic Fatigue Syndrome (CFS) found
an association between fatigue complaints and metabolic changes in the brain
as well.2*3 In CFS patients, the mean ratio of choline (Cho) to creatine (Cr) in the
occipital cortex was significantly higher than in controls, indicating an abnormal-
ity of phospholipid metabolism in the brain in CFS.#3* These findings suggest
that systemic inflammation and fatigue complaints could have structural, neuro-
chemical and functional correlates in the brain. So far, the link between systemic
inflammation, disease-induced fatigue and changes in the brain have not been
explored in CD patients. The aim of this exploratory study was to investigate to
what extent systemic inflammation affects the brain of quiescent CD patients,
by using a variety of MRI acquisition methods and neuropsychological exam-
inations that assess cognition, mood and QoL. Furthermore, the correlation
between MRI changes, clinical characteristics, including fatigue scores, and
mental status was investigated.

MATERIALS AND METHODS

Study population and study design

In this case-control study 20 CD patients and 17 age and gender matched
healthy controls were included. Since it is known from literature that there is
an age associated decrease in brain volume, primarily caused by a decrease
in neuronal size and partly due to a reduction in numbers of neurons caused



by apoptosis®®, a correction was made for this confounder by matching the
subjects.

Consecutive CD patients, fulfilling the inclusion criteria, were recruited through
the IBD outpatient clinic of the department of Gastroenterology and Hepatology
of the Leiden University Medical Center (LUMC), the Netherlands. The patients
had endoscopic proven CD for at least 3 months before inclusion, were in
clinical remission and experienced fatigue. CD patients with anemia (Hb<7.0
mmol/L), primary sclerosing cholangitis (PSC) and routine MRI-contraindications
(e.g. instable metal implants or a pacemaker) were excluded. All medication
deemed necessary by the gastroenterologist was allowed at study inclusion,
except for anti-TNFa or corticosteroid use, since this medication could reduce
systemic inflammation the most and thus influence clinical disease activity.
Healthy controls were recruited via an advertisement in het LUMC and included
in the study if they had no anamnestic brain abnormalities, nervous system
disease or chronic inflammation in the body. A 1-day program was set up for all
participants by the relevant medical specialists, including a gastroenterologist,
radiologist, psychiatrist and neuropsychologist and all individuals were asked
to complete several questionnaires at study inclusion about demographics,
mental status and QoL. This study was approved by the institutional medical
ethical committee of the LUMC and all patients signed a written informed con-
sent prior to study enrolment.

Clinical characteristics

Disease activity

The clinical disease activity of the CD patients was measured with the Har-
vey-Bradshaw Index (HBI). The HBI consists of 12 criteria, which include general
well-being, abdominal pain, daily number of liquid stools, abdominal mass and
extra-intestinal manifestations (arthralgia, uveitis, erythema nodosum, aphthous
ulcers, pyoderma gangrenosum, anal fissure, new fistula and abscess). Patients
with an HBI score of 4 or less were classified as having quiescent CD disease.?’

Fatigue

Fatigue was assessed with the Multidimensional Fatigue Index (MFI) and the
Visual Analogue Scale (VAS). The MFl is a self-report measurement containing
20 questions consisting of 5 subscales covering different dimensions: general
fatigue, physical fatigue, mental fatigue, reduced activity and reduced motiva-
tion. The questions are about the fatigue experienced by the subject in the
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7 days prior to examination. Scores range from 4 to 20, with higher scores
indicating higher levels of fatigue.*® The VAS consists of a 10 point self-rating
scale that measures subjective experiences of fatigue. The participants had
to indicate on a visual line how they were currently feeling. Six points or more
indicated the presence and experience of fatigue in individuals.®

MRI Data Acquisition

All study subjects underwent MRI of the brain, using a Philips Ingenia 3.0 Tesla
MRI Scanner (Philips Medical Systems, Best, the Netherlands) equipped with
a 12 channel head coil, and images were evaluated by an experienced neu-
roradiologist (MvB). The MRI protocol consisted of T -weighted imaging, MTI,
MRS, ASL and DTI, and lasted for about 60 minutes. Since more CD patients
were included and all patients and healthy controls were age-gender matched,
in total 3 CD patients, who matched the least with the controls, got excluded
from the voxel-based analysis of the T -weighted and DTI data. For the MRS
and ASL analyses data of some CD subjects were either missing because of
time limitations or excluded due to low quality, caused by subject motion. For
the MRS analysis only 9 CD patients and 9 age and gender matched controls
were included, and for the ASL analysis 16 CD patients and 16 age and gender
matched controls were included (Figure 1). The MRI scan protocol consisted of
(a) Axial 3D T1-weighted images (FOV: 224x144x182, resolution: 0.88x0.88x1.20
mm?, TR/TE=9.75/4.59 ms); (b) Sagittal FLAIR images (FOV: 224x144x180, res-
olution: 0.5x0.5x3.6 mm?, TR/TE/TI = 10000/120/1650 ms); (c) Axial Diffusion
Tensor Images (DTI) (FOV: 176x144x224, resolution: 1.75x1.75x3.6 mm?, TR/
TE = 4317/55.33 ms, one volume with b = 0 s/mm? and 32 diffusion-weighted
volumes with b = 800 s/mm?); (d) Axial MTI (FOV: 224x144x180, resolution:
0.88x0.88x7.2 mm?, TR/TE = 100/10.95 ms, two volumes acquired one with
and one without a radiofrequency saturation pulse) (e) Arterial Spin Labeling
(ASL) (FOV: 240x240x133, resolution: 3.0x3.0x7.0 mm?3, TR/TE = 4000/15.19 ms,
labeling duration = 1650 ms, post-labeling delay = 1525 ms, 35 label and control
pairs and background suppression inversion pulses at 50 and 1150 ms); (f) A
single volume, stimulated echo acquisition mode (STEAM) "H MRS scan with
a volume of interest (VOI) located in the left centrum semi ovale, containing
mostly white matter as shown in Figure 2, (voxel size = 30x15x15mm?, TR/TE
=2000/14 ms, mixing time = 19 ms, sample size = 2048, number of averages
=96).



Post-processing and data analysis

T,-weighted image analysis

Brain extraction tool (BET) of FMRIB Software Library (FSL) (http://www.fmrib.
ox.ac.uk/fsl) was used to extract the brain tissue from T -weighted images.'
FSL FMRIB's Automated Segmentation Tool (FAST)* was used to segment GM,
WM and CSF tissues from the brain extracted T,-weighted images. FSL FMRIB's
Integrated Registration and Segmentation Tool (FIRST) was used to segment
subcortical structures: nucleus accumbens, amygdala, caudate, hippocampus,
globus pallidus, putamen and thalamus.*! Following segmentation, the volumes
of GM, WM and subcortical structures were calculated using FSL Maths. The vol-
umes were normalized to subject intracranial volume by dividing the volumes
with the total brain volume of the same subject. VBM in FSL was used to assess
local GM differences between CD patients and controls.64?

Magnetization Transfer Images analysis

MTI were split into images with and without saturation. Both images, with
and without saturation, were brain extracted with BET and the image with-
out saturation was aligned to the image with saturation. After alignment, the
magnetization transfer ratio (MTR) of the whole brain was calculated using FSL
Maths. The MTR images were then registered to the T,-weighted images from
the same subject with FLIRT.**Subsequently, MTR images were multiplied with
the binary GM and WM masks from the same subject, to create GM and WM
MTR images. Tissue-specific histograms of MTR values from the GM and WM
of patients and controls were created using an in house-developed MATLAB®
program (Mathworks, Natick, MA, USA).

MR Spectroscopy analysis

The MRS analysis was performed in MATLAB and LCmodel.** An in-house devel-
oped MATLAB code was used to calculate and correct for GM, WM and CSF
tissue fraction (%) within the VOI for each subject separately. LCmodel was used
for the calculation of the concentration and ratio to total creatine (tCr) of the
metabolites N-acetyl-aspartate (NAA), creatine (Cr), glutamate (Glu), myo-inosi-
tol (Ins), glutamine (GIn), N-acetyl-aspartyl-glutamate (NAAG) and choline (Cho).
Institutional units (IU) of concentration were expressed in mmol. Among these
metabolites, NAA is a neuronal marker, NAAG is suggested to be related to
excitatory neurotransmission, total Creatine (tCr), the sum of phosphocreatine
and creatine, is a marker of energy metabolism. Cho is related to cell mem-
brane turnover, Glu is an excitatory neurotransmitter predominantly found in
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neurons, GInis a precursor for Glu and found mostly in astrocytes, and Insis a
possible astrocytic marker.* The mean ratios of NAA, Glu, Ins, GIn, NAAG and
Cho to tCr were compared between the two study groups.

Arterial Spin Labeling analysis

The average GM Cerebral Blood Flow (CBF) value was calculated in FSL.4° The
ASL label and control images were motion corrected by FSL MCFLIRT.#’ The
perfusion maps were calculated for each subject by subtracting the label from
the control images and averaging those images. Following that, perfusion
maps from each subject were registered first linearly and then nonlinearly to
GM volume segmented from the T -weighted image of the subject and sub-
sequently they were first linearly and then nonlinearly registered to average
brain template from the Montreal Neurological Institute (MNI). CBF of the GM
is calculated by using a binary GM mask of the subject with a threshold of 60%
GM probability and using the following equation:

6000+ A-AM - ")

CBF cASL = _f
Sy, 'Z'apCASL -1, gy (I-e ( /TM))

P

where Ais the blood/brain partition coefficient in mL/g which was 0.9, AM is the
signal intensity of the control image subtracted with the signal intensity of the
label image, the post labelling delay (PLD) was 1525 ms. T,a is the longitudinal
relaxation time of the blood was 1664 ms, SI is the signal intensity of a proton
density-weighted image and T is the label duration which was 1650 ms. A o,
is the labelling efficiency, which was 0.85 and a, , was 0.83. A comparison of

GM CBF was made between the patients and controls.

Diffusion Tension Images analysis

ExploreDTI software*® was used for motion and distortion correction of the DTI
images and for calculating the Fractional Anisotropy (FA) and Mean Diffusivity
(MD) maps. FA and MD maps were used as an input to tract-based spatial sta-
tistics (TBSS) processing®, which was carried out in FSL. The FA maps were first
linearly registered with an affine transformation, subsequently non-linearly reg-
istered to the MNI space, and a mean FA skeleton was created. For each subject,
the FA map was projected on the skeleton. Following that, randomisation was
used to perform t-test based voxel-wise comparison of the FA skeletons between
patients and controls. The same procedure was repeated for MD maps.



Assessment of cognitive performance

Cognition

Several neuropsychological assessments were conducted in both healthy
controls and CD patients and evaluated by an experienced clinical neuropsy-
chologist (HM). The examination took approximately one hour and included
validated test methods in a fixed order. Since the cognitive functioning of
patients with IBD has not been fully previously investigated, the focus was on a
wide range of neuropsychological functions. Global cognitive functioning was
assessed by the Minimal Mental State Examination (MMSE). The MMSE con-
tained 11 questions, subdivided into 5 subdomains. All questions were scored
individually and added to produce a total score ranging from 0 to 30, with higher
scores indicating better cognitive functioning.>® The memory domain was eval-
uated with the Digit Span Forward and Backward subtests of, respectively the
revised Wechsler Adult Intelligence Scale (WAIS-R)*" and the revised Wechsler
Memory Scale (WMS-R). Higher scores reflected better memory performance.*
Executive functioning was assessed by the Word Fluency Test (WFT)*3, Stroop-
Color-Word test (SCWT)** given in three parts, and the Trail Making Test (TMT)>®
subdivided into two parts, whereby part Ameasured attention and performance
speed, and part B measured mental flexibility and ability to shift attention. The
TMT involved scanning, visuomotor tracking, divided attention and cognitive
flexibility. The time used for each trial was noted, with more time used indicating
lower performance. The SCWT was used to measure interference sensibility.
One response (reading the word) should be inhibited in order to name the
colour of the ink, which leads to a delay in reaction time. The number of correct
responses within 45 seconds was counted.” Furthermore, the WAIS-R Digit
symbol and Digit cancellation test was measured.”’

Mental status

Cognitive performance depends on the psychiatric status of the patient®®, and
therefore the HADS (Hospital Anxiety Depression Scale) was included in the
neuropsychological examination. The HADS was used to determine depressive
symptoms and anxiety. HADS is a widely used measurement to identify emo-
tional disorders in non-psychiatric patients. The scale includes 14 items, 7 items
concerning anxiety and 7 concerning depression, each scored between 0 and
3. Ascore above 8 on each individual scale were considered as a possible case
and a score above 10 as a probable case.”’
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Quality of life

To determine the quality of life, the Short Form-36 (SF-36) was used. The SF-36
is a generic questionnaire to assess self-reported quality of life. This measure-
ment includes in total 8 subscales covering physical and mental aspects of QoL.
The score ranges from 0 to 100, with higher score indicating better QoL. The
Dutch translation of the SF-36 was validated in both the general population
and in CD patients.>®

Statistics

Data analyses were performed using SPSS 20.0, IBM Corp, 2011, Armonk, NY,
US. Descriptive statistics were used for the patients' characteristics. All com-
parisons between the patient and control groups were performed with an
independent T-test. A p-value <0.05 was considered statistically significant. To
correct for multiple testing, the level of significance was set at p<0.01 (0.05/5)
and p <0.006 (0.05/8) for the fatigue (five MFI subscores) and QoL (eight SF-38
subscales) scores, respectively. Based on the individual cognitive tests cor-
rected for education, Z-scores of the different cognitive domains were created
by using the Unianova test with an average mean and standard deviation (SD).
Correlations between the MRI outcomes, cognition and mood status were per-
formed with the Pearson Correlation test.

RESULTS

Demographic characteristics

In this study, 20 CD patients and 17 healthy controls were age (p=0.46) and
gender matched (p=0.68). All patients were in clinical remission at study inclu-
sion (mean HBI=2.16, SD=1.12), with an average age of onset at 21.4 years and
an IBD disease duration of 8.8 years. Based on the inclusion criteria, patients
reported more fatigue complaints according to the MFI-20 (p<0.001) and VAS
fatigue score (p<0.001) compared with the control subjects. Furthermore, the
education level of the healthy controls was significantly higher than that of the
CD patients. Since this variable might influence mental status scores, a correc-
tion was made. An overview of the clinical characteristics of the individuals is
presented in Table 1.



MRI analysis

Volumetric data: The comparison of the subcortical volumes between the CD
patients and controls in the analysis of the T weighted images did not show
significant differences between the two subject groups. The volume differences
in the right amygdala (p=0.08) and nucleus accumbens (p=0.08) just missed
significance (Table 2). VBM analysis showed a lower GM content in the superior
frontal gyrus in CD patients compared with healthy controls (p<0.05) (Figure 3).
MTI data: No significant differences were observed in the mean MTR values or
in the MTR histogram peak heights of the CD patients compared with healthy
controls.

MRS data: Lower glutamate + glutamine (Glx = Glu + GIn) concentrations
(4.85+0.78 mmol vs 5.96+0.98 mmol, p=0.02) and ratios to tCr (0.92+0.13 vs
1.10+0.14, p=0.02) were found in the patient population compared with control
subjects (Table 3).

ASL data: Average GM CBF of the CD patients (53.1+6.1 ml/100g/min) was sig-
nificantly higher than the GM CBF of the control group (47.6+8.6 ml/100g/min)
(p=0.05).

DTl data: No differences were observed across white matter in the FA and MD
values between CD patients and controls.

Mental status

Neuropsychological examination and cognitive scores were corrected for edu-
cational level (Table 4). Generally, a difference close to significance between
patients and controls was found in several individual cognitive test scores.
Compared with controls, CD patients had a lower Stroop interference index
(p=0.06), a reduced total score of the WAIS-R Digit Symbol test (p=0.06) and
were slower in completing trial A of the TMT test (p=0.08). When the individual
tests were transformed into a Z-score based on the different cognitive domains,
significant reduced Z-scores of the memory domain (p=0.007) and executive
functioning domain (p=0.02) were found in the patient population compared
with the healthy controls (Table 5). CD patients experienced more depressive
symptoms (p<0.001), were more anxious (p=0.002) and reported a significantly
lower QolL.
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Correlation of MRI findings with clinical characteristics and mental status
No correlations were found between mental status, including depression and
anxiety, and MRI findings. Depressive symptoms were correlated with reduced
scores of global cognitive functioning (p=0.003), memory (p=0.04) and exec-
utive functioning (p=0.04). Additionally, CD patients reported in the present
study increased symptoms of anxiety and this was significantly correlated with
reduced global cognitive functioning (r = -0.36, p=0.03) and memory scores
(p=0.05). No further correlations between cognitive scores, disease activity,
disease duration and MRI findings were found in this study.

DISCUSSION

Several MRI techniques were used in this study in a cross-sectional manner to
examine the differences in brain morphology, neurochemistry and perfusion
between CD patients with fatigue and healthy controls without fatigue. The
most important findings reported in this study are the significant differences
in perfusion, neurochemistry and mental status (e.g. cognition, mood and Qol)
between patients and controls. Lower levels of Glx concentration and their ratio
to tCr were observed and an increased CBF was found in the patient population
compared with control subjects. CD patients scored lower on several individual
cognitive test scores, with a trend towards significance, and scored significantly
lower on the memory and the executive functioning domain compared with
the healthy controls. Also, the patient population had a significantly lower QoL
and mood status.

The present study observed with MRS a significantly reduced Glx concentra-
tion as well as a lower ratio of GIx to tCr in the CD group. Glutamate is the
predominant excitatory neurotransmitter in the brain and is involved in differ-
ent brain functions including memory and mood status. Receptors are mainly
presentin the hippocampus.®*%° Glutamine is important in energy metabolism
of the brain and previous studies reported that a reduced level of glutamine
is associated with brain diseases such as Alzheimer.®™?" Increasing evidence
shows that major depression disorder (MDD) is associated with altered function
of the major excitatory and inhibitory neurotransmitters such as glutamate
and GABA.5%The present study did not find correlations between depressive
symptoms and the reduced GlIx concentration and ratio to tCr.



These reduced MRS results found in the present pilot study in CD patients are
not in accordance with the findings of previous research performed in other
inflammatory diseases such as RA and SLE.""®> RA and SLE patients were shown
to have increased choline and myo-inisotol levels, indicating inflammation in
the form of monocyte infiltration since this is a marker of cell membrane turn-
over.%¢¢” In addition, in SLE patients only decreased NAA signals were reported,
indicating neuronal loss®7°, while an increased NAA ratiowas found in our CD
patient population. This contradiction may be due to the fact that RA and SLE
are systemic inflammatory diseases, but not comparable with the systemic
inflammation in IBD.

CBF values can reveal changes in tissue perfusion and are an indication for
cerebral metabolism changes.”" In the present study, significant higher CBF
values were found in the patient population. Increased CBF is thought to be a
compensatory mechanism in response to ischemia or injury, which could be
the case in the CD patients due to inflammation.”>”>Our findings are in line with
the results of Wang et al. who described in their cohort that SLE patients had
higher CBF values compared with healthy controls.”

The volumetric results in this study extend on earlier findings in IBD patients.
The reduced GM content of the superior frontal gyrus demonstrated in this
study is in agreement with results presented by Agostini et al.”> The supe-
rior frontal gyrus is involved the self-awareness, and important in processing
information.”*”” It has been suggested that the observed decrease in local GM
volume could have many causes, including a decrease in cell size, neural or glial
cell apoptosis or changes in blood flow.”2 It is not clear whether this local volume
reduction is directly linked to systemic inflammation, but it may represent the
anatomical substrate for the development of cognitive and emotional distur-
bances.”>’® Similar significant positive correlations have been found between
the GM volume in aging and measures of short-term memory.”

Besides MRI findings, neuropsychological findings were assessed in this study.
Previously, no evidence has been obtained on the association of the intrinsic
disease process and cognitive dysfunction in IBD patients. It is probable that
concurrent mood disorders, in particular depression, affect the cognitive perfor-
mance of IBD patients in memory and executive functioning tasks.>® This may be
the case in the current cohort, since depressive symptoms were correlated with
reduced neuropsychological scores in the three different domains: cognitive func-
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tioning, memory and executive functioning. However, Berrill et al. suggested that
intellectual deficits existed in IBD patients compared to controls and remained
significant after the correction for educational level and mood disorders.

Previous studies have shown a link between systemic inflammation and reduced
brain volumes, possibly resulting in cognitive deficits. Zonis et al. suggested
that chronic intestinal inflammation alters hippocampal neurogenesis and thus
might underlie the behavioural manifestations in patients with IBD.8" In another
study, SLE patients with cognitive deficits appeared to have reduced temporal
lobe structures (hippocampus and amgydala) compared to SLE patients without
cognitive deficits.®? In the present study, we did not find these correlations.

Some limitations of this study need to be revealed. Although this study is an
exploratory study, the population size was limited. In this pilot study we have
compared the most extreme cases; quiescent CD patients with fatigue versus
healthy controls without fatigue. In this design, we have found significant differ-
ences between the groups and now further research is required. In addition,
the significant difference in the fatigue score between patients and controls is
not a finding of the study, but part of the design. As a consequence, it cannot
be definitely concluded whether the differences in MRI measures are caused by
CD per se or represent only patients with combined CD and fatigue. However,
fatigue is a subjective measurement and was evaluated as such. It is hard to
draw major conclusions from these questionnaires, since some healthy controls
reported a high fatigue score as well due to other circumstances than IBD. In
some MRI analyses, subjects got excluded due to the quality of the data. MRS
data with high Cramer-Rao lower bounds, suggesting unreliable metabolite
quantification, were excluded from data analysis. This could have been influ-
enced by the patients’ motion or bad shimming.

In conclusion, our findings support the hypothesis that systemic inflammation
influences the brain and effects cognitive functioning and mood. This is a first
step in the gathering of data and understanding of brain involvement in CD
patients. This study implies that for a health professional, it is important to focus
in CD patients not only on symptoms related to the gastrointestinal tract, but
also on the effects of inflammation on the brain. Understanding these affects in
CD patients may help health professionals to set up interventions to maintain
CD remission by the use of medication and to improve mood status and QoL
by e.g. psychosocial interventions.
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TABLES AND FIGURES

Table 1. Demographic characteristics.

CD patients  Controls P-value
(n=20) (n=17)
Age (years) at inclusion, mean + SD 30.1+6.2 285+6.7 0.320
Female, n (%) 17 (85.0) 13(76.5) 0.523
HBI score, mean + SD # 22+11 - -
Age of IBD onset (years), mean + SD 21.4+57 - -
IBD disease duration (years), mean + SD 88+72 - -
Smoker, n (%) 11 (55.0) 4(23.5) 0.416
VAS, mean + SD 74+13 34+23 <0.001
MFI, mean + SD 66.1£13.3 364 +10.3 <0.001
General Fatigue 164428 89+33 <0.001
Physical Fatigue 144+3.0 6.2+22 <0.001
Mental Fatigue 12.8 +4.1 72+29 <0.001
Reduced Activity 10.7+35 69+27 <0.001
Reduced Motivation 120+36 71127 <0.001
Education level, n (%) 0.001
Low? 4(20) -
Intermediate® 10 (50) 2(11.8)
High© 6(30) 15(88.2)
Montreal Classification
Location CD, n (%)
L1 ileal 3(15.0) - =
L2 colonic 2(10.0) - -
L3 ileocolonic 15 (75.0) - -
L4 upper - = -
L1-3+L4 5 - B
Behaviour CD, n (%)
B1 non-stricturing/penetrating 15 (75.0) = =
B2 stricturing 3(15.0) - -
B3 penetrating 2(10.0) - -
+ Perianal disease 3(15.0) - -
Medication use, n (%)
Immunosuppressive drugs (Aza/6MP) 12 (60.0) - -
None 8(40.0) - -

# HBI missing of 1 CD patient. HBI: Harvey Bradshaw Index, VAS: Visual Analogue Scale, MFI:
Multidimensional Fatigue Index.

2Low: primary education (elementary school) and lower secondary education (preparatory
secondary education); ® Intermediate: higher secondary education (higher general continued
education, pre-university secondary education) and postsecondary education (intermediate
vocational education); <High: tertiary education (higher professional education, university). To
correct for multiple testing, the level of significance was set at p < 0.01 for the MFI score.
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Table 2. Group mean subcortical structure volumes as percentage of the
total brain volume in CD patients and controls.

CD patients (n=20) Controls (n=17) P-value
Left Accumbens 0.04 £ 0.01 0.04+0.01 0.56
Left Amygdala 0.09 +0.01 0.09 £ 0.01 0.61
Left Caudate 0.24 £0.02 0.24 +£0.02 0.94
Left Hippocampus 0.27 £0.02 0.27 +0.03 0.94
Left Pallidus 0.13+£0.01 0.12 £0.01 0.32
Left Putamen 0.33+0.02 0.32+0.03 0.24
Left Thalamus 0.54 +0.02 0.54+0.03 0.94
Right Accumbens 0.04 +0.00 0.03 £ 0.01 0.08
Right Amygdala 0.08 £ 0.01 0.09 £ 0.01 0.08
Right Caudate 0.25+0.03 0.25+0.02 0.76
Right Hippocampus 0.26 £0.02 0.27 £0.03 0.22
Right Pallidus 0.12 £0.01 0.13 £0.01 0.30
Right Putamen 0.31 £0.08 0.32 £0.02 0.56
Right Thalamus 0.53+0.02 0.52+0.03 0.48

Mean subcortical volume in % + SD.

Table 3. Mean metabolite ratio to total Creatine.

CD patients (n=9) Controls (n=9) P-value
Ratio Glu:tCr 0.76 £ 0.12 0.84+0.10 0.19
CHAPTER 8 Ratio Cho:tCr 0.29 +0.02 0.29 +0.04 0.81
Ratio Ins:tCr 0.66 + 0.08 0.70+0.10 0.38
Ratio NAA:tCr 1.31+0.12 1.27 +£0.09 0.44
Ratio NAA+NAAG:tCr 1.59+0.18 1.56+0.13 0.69
Ratio Glu+GIn:tCr 0.92+0.13 1.10+0.14 0.02

MRS analysis. Mean metabolite ratio to total Creatine (tCr) in mmol + SD. Glu, Glutamate;
Cho, Choline; Ins, Insulin; NAA, N-Acetyl Aspartate; NAAG, N-Acetyl Aspartate Glutamate; GIn,
Glutamine.
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Table 4. Mental status.

CD patients Controls P-value
(n=20) (n=17)
Global cognitive functioning, mean + SD
MMSE (total score) 289+1.6 29.65 (0.5) 0.87
Memory, mean + SD
Verbal
WMS memory quotient A 109.2 +10.5 115.7 (8.7) 0.72
Non verbal
WMS visual reproduction (total score) 1M6+£27 12.9(2.2) 0.75
WAIS-R Digit Span forward 54+1.0 6.5(1.3) 0.15
WAIS-R Digit Span backward 45+1.0 5.2 (0.9) 0.15
Executive functioning, mean + SD
WFT T
No. of good answers 427 +7.8 48.2 (9.8) 0.29
No. of perseverative errors 0.28+0.5 0.47 (0.8) 0.58
Stroop Color-Word test, mean + SD
Stroop 1 time (sec) 439+7.2 39.2 (8.6) 0.41
Stroop 1 no. of errors 02+04 0.1 (0.3) 0.98
Stroop 2 time (sec) 56.6 £ 8.3 53.8 (6.9) 0.62
Stroop 2 no. of errors 03+0.8 0(0.0) 0.21
Stroop 3 time (sec) 883+ 147 76.6 (8.8) 0.22
Stroop 3 no. of errors 06+15 0.13(0.3) 0.20
Stroop interference index 50.1+7.8 56.1 (5.5) 0.06
TMT, mean + SD
Part A time (sec) 303+11.8 22.1(8.5) 0.08
Part A no. of errors 0.1+0.2 0.1 (0.2) 0.56
Part B time (sec) 61.8+29.2 50.1 (17.4) 0.72
Part B no. of errors 0.1+0.2 0.2 (0.5) 0.41
WAIS-R Digit Symbol, mean + SD§
Total score 59.7 £+ 8.4 71.0(6.2) 0.06
No. of errors 0+0.0 0.1(0.3) 0.63
Digit cancellation test, mean + SDy
Total score 436.2 + 88.1 498.6 (82.9) 0.16
No. of good answers (%) 573 +295 78.9 (20.9) 0.16
HADS, mean + SD 131+73 4.8(2.9) <0.001
Anxiety 7.5+38 3.72.7) 0.002
Depression 6.1+40 0.9 (1.1) <0.001
SF-36, mean = SD
Physical functioning 72.9 £ 20.2 96.6 £3.4 <0.001
Social functioning 52.0 £29.0 90.7 £9.8 <0.001
Role physical problem 713+374 29+83 <0.001
Role emotional problem 404 +46.1 20+81 0.002
Bodily pain 353 +20.7 56+12.6 <0.001
General health perception 65.8 +18.8 82.0+15.2 <0.001
Mental health 63.6 +16.0 80.4 + 109 0.001
Vitality 30.1 £18.3 729+143 <0.001

MMSE: Mini Mental State Examination; WMS: Wechsler Memory Scale; WAIS-R: Wechsler Adult

Intelligence Scale-Revised; WFT: Word Fluency Test; TMT: Trial Making test.

T Missing in 2 CD patients, § Missing 1 CD patient and 1 healthy control, A Missing in 2 healthy
controls, Y Missing in 5 patients and 3 healthy controls. To correct for multiple testing, the

level of significance was set at p<0.006 for the SF-36 score.
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Table 5. Z-scores of the different domains of cognitive functioning.

CD patients Controls P-value
(n=20) (n=17)
Global cognitive functioning, mean + SD 289+ 1.6 29.7+0.5 0.87
Memory, mean + SD 1.1+29 13+23 0.007
Executive functioning, mean + SD 25+7.7 29+42 0.02

The global cognitive functioning domain includes the MMSE. The memory domain includes
the Wechsler Adult Intelligence Scale-Revised (WAIS-R) and Wechsler Memory Scale (WMS).
The executive functioning domain includes the Word Fluency Test (WFT), Stroop Color Word
Test (SCWT) and the Trial Making test (TMT).



Figure 1. Flowchart of included participants in the MRI analyses.
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T1-weighted VBM: T1-weighted Voxel Based Morphometry, MTI: Magnetization Transfer
Images, MRS: Magnetic Resonance Spectroscopy, ASL: Arterial Spin Labelling, DTI: Diffusion
Tensor Imaging.
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Figure 2. Planning of the "H-MRS volume of interest (VOI) in the left
centrum semi-ovale.

Seen on axial (left) and on the coronal (right) T1-weighted image slices. The effective VOI set
at the tNAA frequency is shown (red rectangle) together with the shimming volume (yellow
rectangle).

Figure 3. FSL VBM analysis.

Voxel based morphometry (VBM) results shown on MNI152 standard space. The red colour
indicates the voxels with significantly reduced grey matter volume in CD patients compared
with healthy controls (with a p-value <0.05, corrected for multiple comparison). The red voxels
correspond to the left superior frontal gyrus.









CHAPTER 9

Summary and general discussion







SUMMARY

Inflammatory bowel disease (IBD) including Crohn’s disease (CD), ulcerative
colitis (UC) and indeterminate colitis (IC) is a chronic relapsing disease char-
acterized by inflammation of the gastrointestinal tract.” Symptoms may be
debilitating and include diarrhoea, abdominal pain and bloody stools. Besides
abdominal symptoms, IBD is associated with different extra-intestinal mani-
festations (EIMs) including skin (e.g. pyoderma gangrenosum and erythema
nodosum), ophthalmic (e.g. uveitis), liver (e.g. primary sclerosering cholangitis
(PSQ), cirrhosis, hepatitis) and rheumatologic (arthropathies) complications.? In
the present thesis we mainly focus on the link between IBD and arthropathies.
For decades, the pathophysiological overlap between arthropathies and I1BD
has been studied and the complex interplay between immunological, genetic,
serological and therapeutic similarities have been highlighted.? Furthermore,
in general, gastroenterologists are unfamiliar with the diagnosis and manage-
ment of arthropathies. Therefore, a multidisciplinary approach together with
rheumatologists by creating an efficient referral algorithm for the gastroenter-
ologist that can be applied to IBD patients with arthropathies may be useful.
Besides arthropathies, fatigue is a regular complaint in IBD patients.“> Previous
studies in patients with fatigue or systemic inflammation report brain changes
and cognitive decline compared with healthy controls.®? In this thesis we have
presented results of a pilot study about this matter in quiescent IBD patients
compared with healthy controls.

Characteristics of arthropathies in IBD

Arthropathies in IBD can be separated into inflammatory and non-inflammatory
joint complaints and include both axial and peripheral joints.’ Inflammatory joint
complaints are a characteristic of spondyloarthritis (SpA), which covers different
rheumatic disorders, including ankylosing spondylitis (AS), psoriatic arthritis
(PsA), reactive arthritis, juvenile SpA and IBD associated arthritis."" Non-inflam-
matory joint complaints, or arthralgia is the most common joint complaint in
IBD." In rheumatology, SpA can be classified according to rheumatologic clas-
sification criteria including the Amor, the European Spondyloarthropathy Study
Group (ESSG), the Assessment of SpondyloArthritis international Society (ASAS)
for both axial and peripheral SpA and the modified New York (mNY) criteria
based on different SpA features.’”'* In chapter 3 we classified arthropathies
in the IBD JOINT cohort according to these different criteria sets. Furthermore,
we assessed which risk factors were associated with arthropathies in IBD and
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we evaluated the disease course of arthropathies in IBD in the 1-year follow-up.
The JOINT cohort included 255 IBD patients (155 with and 100 patients without
self-reported arthropathies) who visited the JOINT outpatient clinic established
by the department of rheumatology and the department of gastroenterology
and hepatology of the Leiden University Medical Center (LUMC). At this out-
patient clinic, all patients were seen at inclusion and after 1 year follow-up.
During baseline visit and after 1 year follow-up, a routine medical history and
data of EIMs was collected. In addition, a detailed rheumatologic examination
was performed in all patients to assess the number of tender and/or swollen
joints and radiographs of the pelvis, the lumbar and cervical spine and pain-
ful peripheral joints were conducted in patients with arthropathies. Only IBD
patients who showed signs of inflammation during examination or on additional
imaging were referred to the rheumatologist for further physical examination.™

In this chapter we concluded that the rheumatologic ASAS criteria for axial and
peripheral joint complaints are the most applicable for IBD related inflammatory
joint complaints. However, these criteria cannot be applied by gastroenterolo-
gists in daily practice to distinguish SpA from non-SpA, since these criteria are
not intended for the use of diagnosis.'*"* Orchard et al. proposed the Oxford
criteria to classify IBD patients with peripheral arthropathies based on type 1
(oligoarticular) and type 2 (polyarticular) peripheral arthritis.’® However, this
classification system does not take axial arthropathies in IBD into account.
Therefore, we proposed the Berlin algorithm for use by gastroenterologists to
select IBD patients with chronic back pain with a high likelihood for axial SpA.
This algorithm can be applied to discriminate patients with a high suspicion of
axial SpA from the patients with low suspicion and may be used as a guidance
to refer a patient to the rheumatologist. Patients with a proven sacrailiitis on
the radiograph should be referred to the rheumatologist. In the patients with-
out radiographic sacroiliitis, the presence of SpA characteristics is leading. SpA
features include inflammatory back pain (IBP), enthesitis, dactylitis, uveitis, a
positive family history for SpA, psoriasis, arthritis, a good response to NSAIDs
and elevated Erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP).
IBD patients with > 3 SpA features have a high risk of having axial SpA, even
without further information on human leukocyte antigen (HLA)-B27 testing or
MRI of the sacroiliac joints. Patients with fewer SpA features should undergo
HLA-B27 testing and especially if the HLA-B27 test turns out positive, referral
for a rheumatologic examination should be considered."’



Besides axial SpA, a recommendation may be given to differentiate IBD patients
with peripheral joint complaints with a high suspicion of peripheral SpA from
patients with a low suspicion. At first, medical history, laboratory assessment
and especially physical examination should differentiate if these musculoskel-
etal complaints are more prone to be inflammatory or not. Additionally, the
presence of SpA features may be considered to decide if referral to a rheuma-
tologist for rheumatologic examination and medical treatment is necessary.

In this chapter, we described that only 12.3% fulfilled the ASAS criteria for axial
and peripheral SpA, with 9.7% (n=15) receiving a rheumatologic diagnosis of
arthritis. This indicates that most of the IBD patients with arthropathies were
classified with arthralgia (87.7%). Furthermore, we described in this longitu-
dinal follow-up study that most of the patients with arthropathies reported
peripheral joint complaints with more than one joint involved. The hand or the
knee were the most frequently affected joints. Female gender, smoking and
an active IBD disease were predictors of having arthropathies in IBD. During
the 12-month follow-up, the proportion of IBD patients with arthropathies
remained quite stable.

The pathophysiological interplay between IBD and SpA

Research on the pathophysiological link between IBD and SpA has been rap-
idly increasing over the past years. Chapter 2 gives an overview of the most
recently published studies on the clinical, genetic, immunological, serological,
microbiotal and environmental overlap. TNF plays an important role in this
interplay and is present in the lamina propria in IBD and in synovial tissue in SpA
patients.’® Subsequently, the use of TNF inhibitors has shown clinical and lab-
oratory improvement in both inflammatory-mediated diseases.’®2° In addition,
the IL-23/Th-17 pathway plays an important role in the common immunology.
IL-23 is found in the mucosa of the gut in IBD patients and in the synovial mem-
brane of SpA patients. IL-23 plays a dual role in the gut with a protective and
harmful activity. IL-23 activates Th-17 cells (including IL-17 and IL-22 cytokines)
in which over-activation leads to an uncontrolled inflammatory status.?' Further-
more a genetic link has been described concerning the presence of HLA-B44
and HLA-B27, both located on chromosome 6, and the presence of CD and/
or AS. Even an increased risk of the presence of HLA-B27 was seen in CD
patients with an extended intestinal inflammation.?>% Increased serological
biomarkers including anti-Saccharomyces cerevesiae (ASCA), anti-neutrophil
cytoplasmic antibodies (ANCA), anti-Eschericia coli outer membrane porin C
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(anti-OmpC) and anti-flagellin (anti-CBir1) were found in IBD patients with anky-
losing spondylitis (AS) compared with AS patients only. In addition, increased
serum levels for anti-CBir1 and ANCA were found in AS patients compared
with healthy controls indicating the presence of IBD serological biomarkers
in AS patients.?*% Besides, fecal calprotectin (fCAL), a protein detected in the
stool of IBD patients correlating the severity of the inflammation, was found
in AS patients without subclinical signs of intestinal inflammation.?® This chap-
ter highlights also the environmental overlap between IBD and SpA. Dust
exposure, cigarette smoking, vitamin D deficiency and stress seems factors
associated both with IBD and SpA.?”=” Based on these findings, we concluded
that a pathophysiological overlap is present between IBD and SpA, but more
research is necessary to examine this overlap more in depth since some
contradictory results have been found in the literature.

In chapter 4 we described the presence of rheumatoid arthritis (RA) biomark-
ersin IBD patients with and without arthropathies and in addition determined
the frequency of biomarker positivity in these patients compared with RA
patients. Levels of IgM rheumatoid factor (RF), IgA-RF, anti-cyclic citrullinated
peptide 2 (anti-CCP2), anti-CCP3.1 and anti-carbamylated protein (anti-CarP) IgG
and IgA were measured in the serum of IBD patients. These biomarkers were
infrequently present in IBD patients with no differences in positivity between
IBD patients with and without arthropathies. This implies that based on these
results there is no need and clinical value to detect these RA markers in the
serum of IBD patients with arthropathies.®

lliness perceptions, coping strategies and outcomes in IBD

Since previous studies described the impact of IBD on different illness out-
comes including health related quality of life (QoL), work productivity and activity
impairment,*>#" we have highlighted in chapter 5 to 7 of this thesis the effect
of illness perceptions and coping strategies on these illness outcomes in IBD
patients. Furthermore, we assessed the differences between these factors in
IBD patients with and without arthropathies. lliness perceptions are the patients'
ideas they create in order to understand their illness and to obtain control
over the disease.”? Coping strategies are cognitive and behavioural efforts to
deal with the disease.”® In chapter 5 we have described in a cross-sectional
study the mediating effect of coping strategies in the relationship between
illness perceptions and outcomes in IBD patients via the Common Sense Model
(CSM) by Leventhal et al.** Findings of this study indicate that more serious



consequences, a stronger personal control and less understanding of IBD were
associated with more frequent use of the coping strategy ‘decreasing activity'
which was associated with a reduced mental and physical health and more
activity impairment in IBD patients.*® In this study, ‘decreasing activity’ seemed
to be the only coping strategy mediating the effect of illness perceptions on out-
comes. This is in concordance with earlier studies.*'“5” Besides the mediating
effect of the coping strategy ‘decreasing activity', patients with a lack of under-
standing of their IBD and patients who associate more negative emaotions to
their illness, reported less mental health. Subsequently, perceptions of severe
consequences are associated with a reduced physical health and an increased
activity impairment. In this cross-sectional study, having arthropathies was used
as a covariate and was associated with a reduced physical health and more
activity and work impairment.

In chapter 7 we have demonstrated in a longitudinal study that IBD patients
reported a reduced QoL and work productivity both at study inclusion and after
1 year follow-up.? Variables associated with a reduced QoL were having arthrop-
athies, stronger beliefs about the consequences, the emotional impact of the
disease and a lack of physical activity. Less work productivity was associated
with the presence of arthropathies and negative ideas about the severity of the
illness and the impact on daily functioning. Based on these results, we have
concluded that IBD impacts the patients’ ideas about the iliness, their disease
behaviour and daily functioning in different ways. Knowing this, the health-
care team may consider to focus on the patients’ ideas and disease behaviour
by modifying iliness perceptions, coping strategies with the aim to improve
illness outcomes by cognitive behavioural therapy (CBT). Previous studies in IBD
patients have shown that CBT improved coping strategies and the QoL.“° CBT
comprises psychoeducation about the effect of the stress response and the
association of this stress response and the presence of bowel complaints. In
addition, this therapy may give insight into cognitive and behavioural responses
to the IBD related symptoms and modify these responses to reduce distress
related to the disease.®’ For patients who are not interested in CBT, behavioural
or self-management therapy may be an effective alternative option. This type
of therapy targets negative behaviours (including e.g. poor medication compli-
ance) to improve overall physical and mental health.>?

Chapter 6 describes differences in illness perceptions, coping strategies and
illness outcomes between IBD patients with and without arthropathies. This
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chapter examined that stronger thoughts about the variability of symptoms,
increased negative ideas about the effect and emotional impact of the illness
on daily life and less understanding were illness perceptions more often per-
ceived by the patients with arthropathies compared with patients without
arthropathies. Additionally, patients with arthropathies were better in thinking
of something nice and felt they were more useful to others. Furthermore, a
reduced physical and mental health and more activity impairment was found
in IBD patients with arthropathies compared with patients without arthropa-
thies. The gastroenterologist needs to be informed about these differences in
illness perceptions, coping and outcomes since these differences may impact
the management process. However, no research has been performed on the
effect of psychological therapy including CBT in IBD patients with arthropa-
thies. Therefore, it is important that the maladaptive illness perceptions, coping
strategies and outcomes in all IBD patients visiting the outpatient clinic will be
addressed and might be changed by improving interventions via CBT or regular
physical exercise.*®> Exercise programmes improve physical functioning and
the general well-being and reduces stress in IBD patients. In the literature, it
has been reported that stress may play a role in the development of IBD flares.
Physical exercise decreases the level of stress in IBD and has a beneficial effect
on the immune status and disease control.>

Additionally, we evaluated in this longitudinal study (chapter 6) the changes in
illness perceptions, coping strategies and adjustment after 1 year follow-up in
IBD patients with arthropathies compared with baseline scores. After 1 year fol-
low-up, IBD patients with arthropathies were less convinced about the efficacy
of medical treatment compared with baseline. This may be due to the fact that
still most of the patients experienced arthropathies after 1 year. In addition,
these patients reported an active IBD based on the Harvey Bradshaw Index
(HBI) and the Simple Clinical Colitis Activity Index (SCCAI) above 4. In chapter 3,
we found an association between IBD disease activity measured with the HBI
and the presence of arthropathies, indicating that these patients with an HBI
> 4 were more prone for having arthropathies.' This implies the importance
of targeting IBD remission via medical interventions, and besides, to take into
account the illness perception ‘treatment control’ by trying to give advice about
the need of medical treatment to reduce complaints. Furthermore, the 1BD
patients with arthropathies were better able to adjust their daily activities to
their complaints at follow-up compared with scores at baseline. This demon-
strates that after some time, IBD patients with arthropathies will get used to



their illness. This is in contrast with RA and DM patients who perceived less
effort to reduce and were less able getting used to the symptoms related to
their illness.>

The gut-brain axis?

Besides arthropathies, more EIMs have been associated with IBD. Since pre-
vious studies report the association with systemic inflammation and brain
changes®?, we assessed in this thesis brain involvement in quiescent CD
patients with fatigue by making use of different Magnetic Resonance Imaging
(MRI) techniques and neuropsychological examination. In chapter 8 we found
neurochemical, perfusion and mental brain changes in quiescent CD patients
with fatigue compared with healthy controls.>® No differences were found in
subcortical volume structures. A reduced glutamate + glutamine concentration
and ratio to total creatine were found in CD patients compared with healthy
controls. Glutamate receptors are present in the hippocampus and the neu-
rotransmitter is associated with mood and memory.>® Glutamine is involved in
the energy metabolism of the brain.>” Furthermore, increased cerebral blood
flow (CBF) was found in CD patients compared with controls probably due to a
compensatory mechanism in response to the inflammation causing eventually
injury.*#%More depressive symptoms and an association between depression
and reduced cognitive scores, including executive functioning and memory,
was seen in CD patients compared with healthy controls. Previous studies
demonstrated a link between reduced brain volumes due to inflammation and
cognitive deficits.®’? This association has not been seen in our study, since no
reduced brain volumes were detected in CD patients compared with controls.
Based on the results outlined in this chapter, we advise the clinician to pay
attention to the effect of systemic inflammation, despite the HBI score < 4
indicating a quiescent disease, and the effect of fatigue complaints on brain
changes in CD patients. Cognitive functioning and mood is important in daily
life and based on results presented in chapter 8, a gastroenterologist should
be aware of a deficit in this cognitive and mood domain in CD patients.

Summary and general discussion

CHAPTER 9

167



CHAPTER 9

168

FUTURE PERSPECTIVES

How should a gastroenterologist manage an IBD patient with arthropathies at
their outpatient clinic? This thesis highlights IBD patients with arthropathies
from different points of view and results presented in this thesis should be the
start of creating more awareness about this matter. At first, it is important for
the gastroenterologist to distinguish inflammatory joint complaints (including
axial and peripheral SpA) from arthralgia in order to be able to provide the
best management for the IBD patient. Moreover, this may help in reducing
the number of IBD patients with musculoskeletal complaints that need to be
referred to the rheumatologist. Since the rheumatologists have more knowl-
edge about the management of inflammatory joint complaints compared with
gastroenterologists, the IBD patients with peripheral and/or axial SpA are best
treated by rheumatologists. IBD patients with arthralgia may remain under
supervision of the gastroenterologist since rheumatologists do not have addi-
tional medical interventions to treat arthralgia.

The distinction between inflammatory joint complaints and arthralgia should
be made by physical examination and patient history taking the different SpA
features as described in chapter 3 into account. The Berlin algorithm may be
used in patients with the suspicion of axial SpA. Positive SpA features, together
with a rheumatologic examination of swollen peripheral joints will make I1BD
patients more suspect for having peripheral SpA."” Future studies could inves-
tigate the importance of the role of SpA features and the Berlin algorithm in IBD
patients with arthropathies to discriminate patients more suspect for axial and/
or peripheral SpA from patients with arthralgia. In total, approximately 30% of
the IBD patients have musculoskeletal complaints.®® However, as mentioned in
chapter 3, most of the IBD patients with self-reported arthropathies were clas-
sified with arthralgia and remain under supervision of the gastroenterologist.
This matter in combination with the impact of having IBD-associated arthropa-
thies on illness perceptions, coping strategies and illness outcomes highlighted
in chapter 5 to 7 emphasize the need for a recommendation about how these
IBD patients with arthropathies could be approached and treated at the outpa-
tient clinic. Afirst step in the development of this recommendation can be made
by designing a training program about the characteristics, risk factors, diagnos-
tics and interventions that should be made in IBD patients with arthropathies.
This training program may be created together with rheumatologists and could
be offered to all gastroenterologists in training as a part of their requirements.



This training should at first highlight the differences between inflammatory and
non-inflammatory joint complaints by applying the SpA features and Berlin cri-
teria for axial SpA. Second, the association between having arthropathies in IBD
and a female gender, smoking and an active IBD disease could be mentioned.
Third, the different illness perceptions and coping strategies perceived by both
IBD patients with and without arthropathies, the impact on daily functioning and
possible (psychological) interventions including CBT may be included. Informing
gastroenterologists creates awareness for arthropathies in IBD. Still numerous
IBD patients are not aware of the association of IBD and arthropathies and do
not mention their joint complaints at the IBD outpatient clinic. Therefore, the
gastroenterologist should consider to ask IBD patients regularly about symp-
toms of joint complaints at the outpatient clinic.

In chapter 3 we have described that female gender (Odds Ratio (OR) 1.97,
p=0.02), smoking (OR 2.28, p=0.03) and an active IBD disease (OR 4.07, p<0.001)
were predictors of having arthropathies in IBD. Since active IBD disease is a
predictor of arthropathies, the gastroenterologist could consider to aim for IBD
disease remission by applying the ‘treat to target’ strategy. This strategy could
resultin IBD remission and may contribute to a reduction of IBD associated joint
complaints.®*¢> Subsequently, the gastroenterologist may consider to inform
patients about the importance of stop smoking. Severs et al. describe that
smoking cessation in IBD patients resulted in a rapid decrease of joint com-
plaints compared to levels encountered in patients who had never smoked.

For IBD patients with arthralgia, it is important to reduce pain by applying
different interventions. At first, analgesics should be considered including
paracetamol, COX-2 inhibitors or eventually opioids to reduce the symptoms
of arthralgia.®” Besides symptom control by drug therapy, there is grow-
ing evidence that self-management and physical activity is important in the
management of arthralgia. Research has been performed in patients with mus-
culoskeletal complaints and confirmed that performing long-term exercise has
a positive effect on the functional ability by reducing the pain and improving
muscle strength and the general well-being by increasing personal confidence
and ultimately reducing unemployment. The most important aspects of improv-
ing physical activity is the patients motivation and knowledge about the reason
of improving physical activity.®® It is the job of a health professional to place
sufficient emphasis on promoting this physical activity and explaining the effect
of physical activity on the patients’ complaints.
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Furthermore, since illness perceptions and coping impact illness outcomes
including QoL and work and activity impairment in IBD patients with and without
arthropathies, psychological interventions may be considered in this patient
population as well. These interventions should reduce negative thoughts and
underlying beliefs created and may change behavioural patterns related with
the disease. Different studies in patients with diverse health problems or disor-
ders, including IBD patients, show positive results of CBT on health outcomes,
coping and pain control compared with the control group. These interventions
are a promising health care development since interventions can be easily
offered via the internet (e-health therapy), which reduces travelling time, gives
the patient more autonomy to decide when to participate, reduces waiting
lists and may save therapists time.®72 Unfortunately, no research has been
performed on the effect psychological interventions and e-health therapy on
illness perceptions, coping and outcomes in IBD patients with arthropathies
and may be considered to be conducted in the future.

Based on previous mentioned interventions, the development of management
recommendations for IBD patients with arthropathies for the gastroenterologist
should be considered. To substantiate the evidence for these recommenda-
tions additional longitudinal prospective follow-up studies may be considered
to compare different interventions applicable in daily clinic (e.g. drug therapy,
e-health therapy, CBT and physical exercise) in IBD patients with arthropathies
to reduce joint complaints and their effect on daily functioning. Additionally, it
may be considered to pay more attention to illness perceptions, coping strat-
egies, QoL and activity impairment during consultation at the outpatient IBD
clinic by involving a specialized psychologist. Marin-Jimenez et al. reported that
less than 25% of the IBD patients with psychological problems leading to a
decreased QoL were referred to psychiatry or psychological services. How-
ever, approximately 80% of the total IBD population found it necessary that
physicians paid attention to the impact of IBD on the psychological state during
regular visits. Furthermore, they agreed that a clinical psychologist should be
part of the healthcare team.” Based on these findings it is suggested that a
psychologist specialized in chronic diseases could be involved in the manage-
ment of patients with IBD.

As described in chapter 4 and based on previous research presented in chap-
ter 2 there is no additional value to detect RA serological biomarkers in IBD
patients with arthropathies in clinic, which confirmed the data of Papamichael



et al,, and demonstrated that the pathogenesis of arthropathies in IBD is not
mediated by anti-CCP antibodies.” Anti-CCP has been previously reported to be
a prognostic marker for the development of RA.”>7¢ This difference in serological
biomarkers indicates that RA and arthropathies in IBD are different musculo-
skeletal diseases with a contrasting pathophysiology and should be managed
in a different way.

Besides having arthropathies, many IBD patients report chronic fatigue. Chronic
fatigue is associated with an active IBD disease and impaired health-related
QoL.** However, still 40% of the quiescent IBD patients report chronic fatigue
as well. In chapter 8 we gave an overview of the systemic effects of quiescent
CD on the brain assessed by different MRI techniques and neuropsychological
examination in patients with fatigue. Since this is to our knowledge the first
pilot study in which this systemic effect on the brain has been evaluated, more
studies are needed to confirm our findings. Understanding more precisely the
pathophysiology of brain changes due to systemic inflammation and fatigue
in IBD may lead to new therapeutic targets in the management of this inflam-
matory disease.

GENERAL CONCLUSION

This thesis aimed to provide an insight in arthropathies in IBD highlighted from
different points of view: the common pathophysiology between IBD and SpA,
the clinical characteristics associated with arthropathies in IBD and illness per-
ceptions, coping strategies and outcomes related to it. Arecommendation may
be considered for gastroenterologists about the recognition and management
of the different joint complaints in IBD patients with arthropathies. At first,
medical history and additional (rheumatologic) examination checking evident
joint swelling should be performed. This should include the assessment of the
presence of the different SpA features, which if present, increase the suspicion
for having axial and/or peripheral SpA. Subsequently, laboratory assessment
including HLA-B27 testing and additional imaging may be performed, however,
this is frequently mainly indicated after a rheumatologic consultation. In case of
alow likelihood of SpA, expensive referral to the rheumatologist may be avoided
and may prevent a time-consuming process for the patient. By creating more
awareness about the different types of arthropathies associated with IBD and
informing gastroenterologists about differentiating IBD patients with inflamma-
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tory arthropathies by focusing on SpA features for axial and peripheral SpA,
we think the first step has been made in the management of these patients.
Furthermore, in the future, a multidisciplinary outpatient clinic including a gas-
troenterologist, a rheumatologist and a psychologist may be considered to
optimise the care for IBD patients both with and without arthropathies.

In conclusion, arthropathies in IBD is the most common EIM and may affect the
IBD patient in different ways. More awareness should be created and ideally,
attention for joint complaints should become part and parcel of daily manage-
ment of patients with IBD.
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ACHTERGROND EN DOEL
VAN HET ONDERZOEK

Inflammatoire darmziekten (ook wel: Inflammatory Bowel Disease, IBD) is een
chronische ontstekingsziekte van het maag-darmkanaal en omvat de ziekte
van Crohn (CD), colitis ulcerosa (CU) en ‘indeterminate colitis’ (IC). IBD is een
auto-immuun ziekte, waarbij antistoffen worden geproduceerd tegen het darm-
kanaal wat ontsteking in de darm kan induceren. De etiologie van IBD is een
samenspel van verschillende factoren waarbij immunologische, genetische,
microbiotische, serologische en omgevingsfactoren de belangrijkste zijn. CD
kan voorkomen van mond tot anus, maar is voornamelijk gelokaliseerd in het
laatste deel van de dunne darm (ileum) of in de dikke darm (colon) en kan alle
lagen van de darmwand aantasten. CU is het meest frequent voorkomende
type IBD en wordt gekarakteriseerd door een chronische ontsteking van alleen
het slijmvlies van de dikke darm. De ontsteking begint in de endeldarm, bij de
anus, en kan zich dan verder uitbreiden naar proximaal, zoals de dikke darm.
IC wordt bij ongeveer 10% van de IBD-patiénten gediagnosticeerd en omvat de
IBD-patiénten waarbij de diagnose CD of CU niet kan worden vastgesteld op
basis van aanvullend klinisch onderzoek. IBD wordt met name bij jong volwas-
senen, tussen de 15 en 35 jaar oud gediagnosticeerd. De incidentie van IBD
bedraagt 1 per 1000 individuen in de westerse wereld, welke nog steeds stijgt
vanwege onder andere industrialisatie en voeding. Symptomen die voorkomen
bij IBD zijn zeer divers en afhankelijk van de lokalisatie van de ziekte. Voorbeel-
den van klachten zijn onder andere: diarree, buikpijn, bloed en/of slijm bij de
ontlasting, afvallen en eventueel misselijkheid en braken. IBD wordt gekenmerkt
door perioden van opvlammingen waarbij de symptomen in ernstige mate aan-
wezig zijn, en perioden van remissie waarbij patiénten vrijwel geen klachten
hebben. Het streven is om zo veel mogelijk perioden van remissie te behalen
bij de individuele patiént en op deze manier complicaties op langere termijn
en uitbreiding van de ziekte te voorkomen. Veelal kan dit door patiénten in te
stellen op (chronische) medicatie en deze medicatie in de tijd indien noodza-
kelijk aan te passen aan de hand van de klachten.

IBD manifesteert zich niet alleen in de darm, maar mogelijk ook hierbuiten.
Extra-intestinale manifestaties (EIM) die voorkomen bij IBD kunnen aandoenin-
gen van de huid, de ogen, lever en gewrichten zijn. In dit proefschrift wordt de
nadruk gelegd op IBD gerelateerde gewrichtsklachten, ook wel arthropathieén
genoemd, aangezien dit de meest voorkomende EIM is met een prevalentie
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van ongeveer 30%. Arthropathieén bij IBD hebben een enorme impact op de
kwaliteit van leven, werkproductiviteit en dagelijkse activiteiten. Arthropathieén
kunnen worden onderverdeeld in gewrichtsklachten op basis van ontsteking
(waaronder Spondyloarthritis; SpA) en gewrichtsklachten zonder dat er sprake
is van ontsteking, ook wel artralgie (gewrichtspijn) genoemd. SpA is een verza-
melnaam voor een groep reumatische ziekten waarbij de ziekte van Bechterew
(Ankyloserende Spondylitis; AS, waarbij de sacro-iliacale (SI) gewrichten en de
rug zijn aangedaan) het meest voorkomt. Afhankelijk van de lokalisatie van de
gewrichtsklachten kan SpA worden onderverdeeld in perifere en axiale SpA. Bjj
perifere SpA staan de ontstekingen van de gewrichten en pezen op de voor-
grond, terwijl bij axiale SpA vooral ontstekingen in de rug een rol spelen met
rugpijn tot gevolg. De prevalentie van SpA varieert van 0.5-1.5%.

Aangezien de Maag-, Darm en Leverarts (MDL-arts) over het algemeen onbe-
kend is met de behandeling van gewrichtsklachten bij IBD willen we aan de hand
van dit proefschrift een handvat creéren hoe IBD-patiénten met gewrichtsklach-
ten kunnen worden herkend, op welke manier er onderscheid kan worden
gemaakt tussen SpA of artralgie en wanneer IBD patiénten met gewrichtsklach-
ten dienen te worden verwezen naar de reumatoloog voor verder onderzoek
en/of behandeling. Bovendien onderzoeken we of de diagnose IBD, maar ook
het hebben van arthropathieén bij IBD van invioed is op de ziektepercepties,
coping mechanismen, kwaliteit van leven, werkproductiviteit en activiteiten-
beperking. Wanneer arthropathieén bij IBD-patiénten in een vroeg stadium
worden opgemerkt, kunnen er verschillende medicamenteuze dan wel psycho-
logische interventies worden verricht om de klachten te behandelen.

SAMENVATTING

De pathofysiologische overlap tussen IBD en SpA

In de literatuur worden verschillende studies beschreven over de pathofysiolo-
gische overlap tussen IBD en SpA. In hoofdstuk 2 wordt een overzicht gegeven
van deze studies bekend in de literatuur tot december 2016 waarin immuno-
logische, genetische, serologische, microbiotische en omgevingsfactoren van
invioed zijn op het ontstaan van zowel IBD als SpA. Tumornecrosefactor (TNF)
speelt onder andere een belangrijke rol in het samenspel tussen IBD en SpA
waarbij TNF zorgt voor het vrijkomen van verschillende ontstekingsmediatoren
(ook wel cytokines genoemd) waardoor een ontstekingsreactie op gang komt.



Normaliter zorgt dit voor de afweer tegen bacterién en virussen van buitenaf,
maar een overmatige productie van TNF kan onverhoopt schade aanrichten
en op deze manier zorgen voor een auto-immuun reactie. Anti-TNF therapie
blijkt dan ook een effectieve behandeling voor zowel IBD als SpA. Hiernaast
draagt interleukine (IL)-23 in combinatie met T-helper (Th) 17 cellen bij aan
een overactiviteit van het immuunsysteem wat uiteindelijk zorgt voor chro-
nische ontsteking in het slijmvlies van de darm bij IBD-patiénten dan wel in
het synoviale membraan bij patiénten met SpA. Het synoviaal membraan pro-
duceert vocht en zorgt er voor dat het gewricht soepel kan bewegen. In een
vroeg stadium raakt dit membraan ontstoken en wordt het dikker waardoor
pijn en bewegingsbeperking ontstaat. Naast immunologische reacties worden
ook genetische factoren beschreven die bijdragen aan de pathofysiologische
overlap tussen IBD en SpA. Er is onder andere aangetoond in de literatuur dat
individuen bij wie het humaan leukocytenantigeen (HLA)-B27 aanwezig is in het
bloed, een verhoogd risico hebben op het ontwikkelen van zowel IBD als SpA.
Met name AS, zoals eerder beschreven de meest voorkomende vorm van SpA,
is geassocieerd met de aanwezigheid van HLA-B27. Naast HLA-B27 worden
andere genetische factoren in dit proefschrift genoemd die mogelijk bijdragen
aan de aanwezigheid van arthropathieén bij IBD-patiénten. Desondanks zijn
ook tegenstrijdige conclusies in de literatuur over de overlap van genetische
factoren tussen IBD en SpA. Zo is er tot op heden nog onduidelijkheid over het
NOD2/CARD15 gen, welke moleculen van de wand van een bacterie detecteert
en identificeert, wat leidt tot een (ongecontroleerde) immuunreactie.

Naast genetische factoren zijn er verschillende biomarkers zowel bij IBD- als
bij SpA-patiénten in het bloed aan te tonen. Verhoogde waarden van antili-
chamen tegen de gist Saccharomyces cerevisiae (ASCA), antilichamen tegen
het cytoplasma van witte bloedcellen (granulocyten en monocyten: dragen
bij aan een immuunreactie) (ANCA), antilichamen tegen het Eschericia coli
membraan-eiwit (anti-OmpC) en antilichamen tegen het eiwit flagelline van
de bacterie Salmonella typhimunium (anti-CBir1) werden zowel bij IBD als bij
SpA-patiénten gedetecteerd. Hiernaast wordt in dit hoofdstuk beschreven dat
bij een ontsteking in het lichaam onder andere de witte bloedcellen (neutrofiele
granulocyten) een centrale rol spelen in de regulatie van ontstekingsproces-
sen. Deze witte bloedcellen passeren de darmwand en komen in de ontlasting
terecht. Bij het afsterven van deze witte bloedcellen in de ontlasting komt een
ontstekingsremmend eiwit vrij, ook wel calprotectine genoemd. Calprotectine
kan de groei van bacterién verhinderen door de lokale concentratie aan cal-
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cium- en zink-ionen aan zich te binden. Calcium en zink zijn noodzakelijk voor
een optimale bacteriéle groei. Calprotectine wordt gebruikt om de ernst van IBD
te monitoren. Een recente studie heeft aangetoond dat dit eiwit ook aanwezig is
bij SpA-patiénten zonder klinische symptomen van darmontsteking. Hiernaast
zijn verschillende omgevingsfactoren geassocieerd met de ontwikkeling van IBD
en SpA. IBD en SpA komt met name voor in de westerse wereld en neemt nog
steeds toe in aantal. Mogelijke factoren die bijdragen aan deze toename zijn
luchtvervuiling, roken, een tekort aan vitamine D en stress.

De classificatie van arthropathieén bij IBD

Zoals eerder vermeld in deze samenvatting kunnen IBD geassocieerde
arthropathieén worden onderverdeeld in SpA of artralgie. Het is belangrijk om
als MDL-arts dit onderscheid in een vroeg stadium te maken zodat een patiént
bij het vermoeden op SpA kan worden verwezen naar de reumatoloog voor
verdere analyse en behandeling. De resultaten uit de hoofdstukken 3 tot en
met 7 zijn gebaseerd op de data uit de JOINT-studie die is gestart in samenwer-
king met de afdeling reumatologie van het Leids Universitair Medisch Centrum
(LUMCQ). Het cohort omvat 255 IBD-patiénten (155 patiénten met en 100 pati-
enten zonder arthropathieén) die zijn geincludeerd van juli 2009 tot februari
2010. IBD-patiénten bezochten de polikliniek Maag-, Darm- en Leverziekten van
het LUMC en werden verzocht een vragenlijst in te vullen om na te gaan of ze
op dat moment, of het afgelopen jaar gewrichtsklachten (hebben) ervaren. De
255 patiénten werden op het moment van inclusie en na 1 jaar gezien op de
polikliniek. Op beide momenten werden de voorgeschiedenis, huidige klachten
en, indien aanwezig, de EIMs uitgevraagd. Hiernaast werd naast algemeen licha-
melijk onderzoek, een reumatologisch onderzoek verricht waarbij werd gelet
op zwelling van de gewrichten. Ontstekingswaarden in het bloed (BSE, CRP)
werden bepaald en aanvullend beeldvormend onderzoek werd verricht bij de
IBD-patiénten met gewrichtsklachten. Alleen de patiénten met verdenking op
een gewrichtsontsteking werden verwezen naar de reumatoloog voor verder
aanvullend onderzoek. Hiernaast werden alle deelnemers verzocht maandelijks
een vragenlijstin te vullen om aan te geven hoeveel klachten ze ervaarden van
de IBD en hoeveel gewrichtspijn ze hadden op een schaal van O (geen klach-
ten) tot 10 (zeer ernstig). Tevens werden de deelnemers verzocht om zowel
op het moment van inclusie als na 1 jaar follow-up vragenlijsten in te vullen
om ziektepercepties, coping en de kwaliteit van leven, werkproductiviteit en
activiteitenbeperking in te schatten en te evalueren.



In hoofdstuk 3 worden de gewrichtsklachten geclassificeerd volgens ver-
schillende reumatologische classificatie criteria. Deze classificatie criteria zijn
gebaseerd op de verschillende SpA kenmerken: uveitis (ontsteking van de uvea
van het oog), dactylitis (ontsteking van een vinger of teen), enthesitis (ontste-
king op de overgang waar een pees/ligament aanhecht op bot), inflammatoire
rugklachten, psoriasis (huidafwijking), artritis, een gunstig effect van NSAID
behandeling op de pijnklachten, verhoogde waarden van het BSE of CRP, aan-
wezigheid van HLA-B27 in het bloed en een positieve familieanamnese voor
SpA. Uiteindelijk wordt in dit hoofdstuk beschreven dat de ASAS criteria voor
zowel axiale als perifere SpA het best dagelijks toe te passen zijn in de kliniek.
Echter, deze criteria kunnen niet gebruikt worden om de diagnose te stellen.
Om na te gaan of de klachten het best verklaard kunnen worden door axiale
SPA, kan er gebruikt worden gemaakt van het diagnostisch Berlijn algoritme.
Afhankelijk van de bevindingen kan nagegaan worden of axiale SpA waarschijn-
lijk is. Deze patiénten dienen te worden verwezen naar de reumatoloog voor
aanvullend onderzoek en behandeling. Voor het vaststellen van perifere SpA
in IBD is het essentieel dat er een zwelling van het gewricht wordt vastgesteld.
De reumatoloog zal vaak aanvullend laboratoriumonderzoek of beeldvormend
onderzoek verrichten. Uiteindelijk voldeden slechts 12.3% van de IBD-patiénten
met gewrichtsklachten aan de ASAS classificatie criteria voor axiale en peri-
fere SpA. De meeste IBD-patiénten met gewrichtsklachten (87.7%) werden
geclassificeerd met artralgie. Tevens wordt in het hoofdstuk beschreven dat
de meeste patiénten met arthropathieén klachten van de perifere gewrichten
ervaarden waarbij vaak meerdere gewrichten waren aangedaan. Factoren die
geassocieerd zijn met het hebben van arthropathieén bij IBD zijn een vrouwelijk
geslacht, roken en een actieve IBD. Gedurende de 12 maanden follow-up, bleef
de hoeveelheid patiénten met gewrichtsklachten redelijk stabiel.

Ziekte percepties, coping mechanismen en ziekte uitkomsten bij IBD-pa-
tiénten met en zonder arthropathieén

Kennis over ziektepercepties en coping mechanismen die door IBD-patién-
ten (met en zonder arthropathieén) worden gehanteerd en de invloed die
deze factoren op verschillende ziekte uitkomsten waaronder de kwaliteit van
leven, werkproductiviteit en activiteitenbeperking hebben, kunnen leiden tot
het ontwikkelen van psychologische interventies. Hiermee kunnen mogelijk
klachten worden gereduceerd. Ziektepercepties zijn ideeén die door de pati-
ent worden ontwikkeld om de ziekte te begrijpen en om zelf de controle te
krijgen over de ziekte. Coping mechanismen zijn cognitieve en gedragsmatige
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handelingen om met de ziekte om te kunnen gaan. In hoofdstuk 5 worden
resultaten besproken van een dwarsdoorsnede studie waarin aan de hand van
het Common Sense Model (CSM), ontwikkeld door Leventhal et al., de relaties
tussen ziektepercepties, coping mechanismen en ziekte uitkomsten bij IBD-pa-
tiénten worden beschreven. Leventhal et al. beschrijft aan de hand van het CSM
dat ziektepercepties direct effect hebben op ziekte uitkomsten (kwaliteit van
leven, werk productiviteit en activiteitenbeperking) maar ook indirect invioed
hebben op deze ziekte uitkomsten via coping mechanismen. Resultaten gepre-
senteerd in dit hoofdstuk tonen aan dat patiénten die meer consequenties
toeschreven aan de ziekte, meer persoonlijke controle en minder begrip voor
hun aandoening hadden, het coping mechanisme ‘verminderde fysieke acti-
viteit' frequenter toepasten dan patiénten waarbij deze ziektepercepties niet
aanwezig waren. En verminderde fysieke activiteit op zijn beurt was geassoci-
eerd met een verminderde mentale en fysieke kwaliteit van leven en tevens
meer activiteitenbeperking. Verminderde fysieke activiteit was in deze dwars-
doorsnede studie het enige coping mechanisme dat bijdroeg aan een indirect
effect van ziektepercepties op uitkomsten. Hiernaast hadden ziektepercepties
ook directe effecten op ziekte uitkomsten. Patiénten met weinig begrip voor
het hebben van IBD en patiénten die negatieve emoties toeschreven aan het
hebben van de ziekte, hadden een mindere mentale gezondheid. Tevens werd
een lagere fysieke kwaliteit van leven en meer activiteitenbeperking gezien bij
IBD-patiénten die ernstigere consequenties associeerden met hun aandoe-
ning. Het hebben van arthropathieén werd geassocieerd met een verminderde
fysieke gezondheid, en meer werk- en activiteitenbeperking. In hoofdstuk 7
wordt een longitudinale studie gepresenteerd waarbij IBD-patiénten gedu-
rende 12 maanden zijn gevolgd. Na 12 maanden werden bij deze patiénten
een verminderde kwaliteit van leven en werkproductiviteit gemeten. Factoren
die zorgden voor een lagere kwaliteit van leven waren het hebben van arthropa-
thieén, sterkere negatieve gedachten over de consequenties van IBD, meer
negatieve gedachten over de emotionele impact op het dagelijks leven en meer
activiteitbeperkingen. Verminderde werkproductiviteit was geassocieerd met
arthropathieén en tevens negatieve ideeén over de ernst van de ziekte en de
impact op het dagelijks functioneren.

Aangezien arthropathieén de meest voorkomende EIM bij IBD zijn, presenteren
we in hoofdstuk 6 de verschillen in ziektepercepties, coping mechanismen en
uitkomsten tussen IBD-patiénten met en zonder arthropathieén. Wanneer dit
verschil gemaakt zou kunnen worden, kan er een behandeling worden gestart



die meer afgestemd is op de klachten van de IBD patiént met arthropathieén.
Er wordt in dit hoofdstuk een mindere fysieke en mentale gezondheid en tevens
meer activiteitbeperking bij IBD-patiénten met arthropathieén beschreven in
vergelijking met patiénten zonder arthropathieén. Hiernaast waren patién-
ten met gewrichtsklachten zich meer bewust van hun symptomen en werd
er meer variabiliteit en afwisseling in de symptomen ervaren. Tevens waren
gewrichtsklachten bij IBD geassocieerd met negatieve consequenties, meer
emotionele impact op het dagelijks leven en minder begrip voor de sympto-
men gerelateerd aan IBD en/of gewrichtsklachten vergeleken met de patiénten
zonder arthropathieén. Patiénten met arthropathieén waren beter in staat om
de aandacht af te leiden en aan leuke dingen te denken en waren meer soci-
aal naar anderen in vergelijking met patiénten zonder arthropathieén. Tevens
werd in deze longitudinale studie de verandering van ziektepercepties, coping
mechanismen en uitkomsten gedurende de 12 maanden follow-up besproken.
Na 1 jaar waren patiénten met arthropathieén minder overtuigd van het effect
van de (medicamenteuze) behandeling, maar waren ze desondanks beter in
het aanpassen van hun dagelijkse activiteiten aan de ziekte vergeleken met het
moment van inclusie.

De relatie tussen IBD en afwijkingen in de hersenen

Naast gewrichtsklachten, komen er ook nog verschillende andere EIMs voor
bij IBD-patiénten. In de literatuur wordt een associatie beschreven tussen
systemische inflammatie en veranderingen in de hersenen bij onder andere
reumatoide artritis (RA)-patiénten. In hoofdstuk 8 wordt het effect van systemi-
sche inflammatie en vermoeidheid beschreven aan de hand van verschillende
MRI technieken en neuropsychologische onderzoeken bij CD-patiénten in
remissie met vermoeidheidsklachten vergeleken met gezonde controles zonder
vermoeidheidsklachten. Neurochemische, perfusie en mentale veranderingen
werden aangetoond bij CD patiénten in vergelijking met gezonde controles.
Een verminderde glutamine- en glutamaat-concentratie werd gevonden bij
patiénten met CD. Glutamaat receptoren zijn aanwezig in de hypocampus en
deze neurotransmitter is onder andere betrokken bij het geheugen en stem-
ming. Glutamine zorgt voor het energie metabolisme in de hersenen. Naast
een verschil in neurotransmitters tussen CD-patiénten en gezonde controles,
werd een verhoogde cerebrale perfusie gezien bij CD-patiénten, waarschijnlijk
als reactie op inflammatie. Depressieve symptomen en een lagere cognitieve
score voor uitvoerende functies en geheugen waren meer frequent aanwezig
bij CD-patiénten in vergelijking met gezonde controles.
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ALGEMENE CONCLUSIE

Het herkennen van arthropathieén bij IBD en vooral het onderscheid maken
tussen artralgie of SpA is voor veel MDL-artsen een uitdaging. Dit proefschrift
geeft een aanbeveling hoe MDL-artsen gewrichtsklachten bij IBD kunnen her-
kennen en aan de hand van welke kenmerken er een onderscheid gemaakt kan
worden tussen artralgie en SpA. Tevens wordt de impact van gewrichtsklachten
op de kwaliteit van leven, ziekte percepties en coping mechanismen beschre-
ven. Door meer inzicht in de etiologie van arthropathieén bij IBD te krijgen,
kan mogelijk een behandeling op maat voor deze patiénten worden gemaakt.
Patiénten met IBD en SpA dienen naar de reumatoloog te worden verwezen.
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SUPPLEMENTARY MATERIAL

CHAPTER 3. Classifying back pain and peripheral joint complaints in inflamma-

tory bowel disease patients: a prospective longitudinal follow-up study.

Amor criteria for spondyloarthritis

Criteria

Points

Clinical symptoms or past history:
Lumbar or dorsal pain during the night, or morning stiffness of lumbar or dorsal
spine
Asymmetric oligoarthritis
Buttock pain
if affecting alternately the right or the left buttock
Sausage like digit or toe (dactylitis)
Enthesitis
Iritis
Non-gonococcal urethritis or cervicitis accompanying, or within 1 month before, the
onset of arthritis
Acute diarrhoea accompanying, or within 1 month, the onset of arthritis
Presence or history of psoriasis, balanitis, or inflammatory bowel disease

Radiological finding:
Sacroiliitis (grade > 2 if bilateral; grade > 3 if unilateral)

Genetic background:
Presence of HLA-B27, or familial history of ankylosing spondylitis, Reiter syndrome,
uveitis, psoriasis, or chronic enterocolopathies

Response to treatment:
Good response to NSAIDs in less than 48 h, or relapse of the pain in less than 48 h
if NSAIDs discontinued

= NNNN-=2N -

[

HLA, human leukocyte antigen; NSAIDS, non-steroidal anti-inflammatory drugs. A
patients is considered to have spondyloarthritis if the sum of the point counts is 6 or
more. A total point count of 5 or more classifies for probable spondyloarthritis.
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European Spondyloarthropathy Study Group criteria for Spondyloarthritis

Synovitis

Inflammatory back pain - Asymmetric
- Predominantly in the lower
limbs

One or more of the following variables:

- Positive family history

- Psoriasis

- Inflammatory bowel disease

- Urethritis, cervicitis, or acute diarrhea within one month before arthritis
- Buttock pain alternating between right and left gluteal areas

- Enthesitis (heel)

- Sacroiliitis

ASAS classification criteria for axial spondylarthritis

Sacroiliitis on imaging* HLA-B27 plus = 2 other
plus = 1 SpA feature# SpA features#
#SpA features:
*Sacroiliitis on imaging - Inflammatory back pain
- Active (acute) - Arthritis
inflammation on MRI - Enthesitis (heel)
highly suggestive of - Uveitis
sacroiliitis associated - Dactylitis
with SpA - Psoriasis
- Definite radiographic - IBD
sacroiliitis according - Good response to NSAIDs
to mNY criteria - Family history for SpA
- Elevated CRP

ASAS, The Assessment of SpondyloArthritis international Society; HLA, human leukocyte
antigen; NSAIDS, non-steroidal anti-inflammatory drugs; SpA, Spondyloarthritis




ASAS classification criteria for peripheral spondyloarthritis

Arthritis* or enthesitis or dactylitis

plus
2 1 SpA feature 2 2 SpA features
- gvelt_ls _ - Arthritis
- |BS|§naSIS - Enthesitis
- v ding infecti - Dactylitis
- HI’LeAcelef;g intection - Inflammatory back pain
- Sacroiliitis on imaging - Family history for SpA

*Peripheral arthritis: usually predominantly lower limb and/or asymmetric arthritis. ASAS, The
Assessment of SpondyloArthritis international Society; HLA, human leukocyte antigen;
NSAIDS, non-steroidal anti-inflammatory drugs; SpA, Spondyloarthritis

Modified New York criteria for Ankylosing Spondylitis

Clinical criteria:

- Low back pain and stiffness for more than 3 months that improves with
exercise, but is not relieved by rest.

- Limitation of motion of the lumbar spine in the sagittal and frontal planes.

- Limitation of chest expansion relative to normal values correlated for age
and sex.

Radiological criterion:

- Sacroiliitis grade > 2 bilaterally or grade 3-4 unilaterally.

Definite ankylosing spondylitis if the radiological criterion is associated with
at least one clinical criterion
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CHAPTER 7. Back/joint pain, illness perceptions and coping are important pre-
dictors of quality of life and work productivity in patients with inflammatory
bowel disease: a 12-month longitudinal study.

Supplementary Material A. Demographic and clinical characteristics of
completers (n=204) and non-completers (n=41).

Variable Completers Non-completers  P-value
(n=204) (n=41)

Type of IBD, n (%)

Crohn's disease 146 (71.6) 33(80.5) 0.334
Ulcerative colitis 58 (28.4) 8(19.5) 0.334
Age (years), mean (SD) 443 (13.7) 38.4(11.4) 0.011
Male gender, n (%) 82 (40.2) 12 (29.3) 0.220
Current smoker, n (%) 47 (23.0) 10 (24.4) 0.497
Disease duration (years), median (SD) 15.0(7.0-24.0) 13.0(8.0-24.0) 0.641

Montreal classification
Location CD, n (%)

L1 ileal 36 (24.7) 10 (30.3) 0.513
L2 colonic 22 (22.6) 5(15.2) 0.480
L3 ileocolonic 65 (44.5) 16 (48.5) 0.702
L1-3 + L4 upper 12(8.2) 2(6.1) 1.000
Behavior CD, n (%)
B1 non-stricturing/penetrating 62 (42.5) 14 (42.4) 1.000
B2 stricturing 22 (15.1) 3(9.1) 0.578
B3 penetrating 21(14.7) 4(12.1) 1.000
+ perianal disease 41 (28.1) 12 (36.4) 0.399
Extension UC, n (%)
E1 ulcerative proctitis 4(6.9) 2 (25.0) 0.151
E2 left sided UC 20 (34.5) 2(25.0) 0.709
E3 extensive UC (pancolitis) 34 (58.6) 4 (50.0) 0.714
Current medication use, n (%)
5-ASA 44(21.6) 5(12.2) 0.204
Steroids 10 (4.9) 3(7.3) 0.461
Immunomodulators 45 (22.1) 8(19.5) 0.837
CHAPTER 11 Anti-TNF agents 56 (27.5) 14 (34.1) 0.449
Axial and/or peripheral joint 113 (55.4) 22 (53.7) 1.000
complaints, n (%)
Peripheral joint complaints only 41 (36.3) 12 (54.5) 0.171
Back pain only 8(7.1) 0(0.0) 0.352
Mixed complaints 64 (65.6) 10 (45.5) 0.467
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AS
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CARD
CBF

CBP

CBT
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CFS

Cho
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CSF

CSM

cT

CXCL
DM

DNA
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E. Coli
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Aquaporin

Anti-neutrophil cytoplasmic antibody
Anti-Carbamylated protein

Anti-Cyclic citrullinated peptide

Anti-flagellin

Anti-Eschericia coli outer membrane porin ¢
Ankylosing spondylitis

Assessment of SpondyloArthritis international Society
Anti-Saccharomyces cerevesiae

Axial spondyloarthritis

Bath ankylosing spondylitis disease activity index
Bath ankylosing spondylitis functional index
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Caspase recruitment domain-containing protein
Cerebral blood flow

Chronic back pain
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Crohn's disease

Chronic fatigue syndrome
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C-reactive protein
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Common sense model
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Extra-intestinal manifestation
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GM
HADS
HBI
HC
HLA
IBD
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Ins
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European Spondyloarthropathy Study Group
Fractional anisotropy
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Glutamate

Grey matter

Hospital anxiety depression scale
Harvey-Bradshaw index

Heavy chain

Human leukocyte antigen

Inflammatory bowel disease

Irritable bowel syndrome

Indeterminate colitis

Intercellular adhesion molecule
Interferon

Interleukin

myo-inositol

Immune-mediated inflammatory disease
Revised illness perception questionnaire
Interquartile range

Institutional units

Janus kinase

Loss-of-function

Leiden university medical center
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Monocyte chemoattractant protein
Mental component score

Mean diffusivity

Major depression disorder
Multidimensional fatigue index
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Osteoarthritis
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Short inflammatory bowel disease questionnaire
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WAIS-R
WFT
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WMS-R
WPAI

Revised wechsler adult intelligence scale

Word fluency test

White matter

Revised wechsler memory scale

Work productivity and activity impairment questionnaire
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