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Chapter 1

Introduction and outline thesis

Inflammatory bowel disease (IBD) is a chronic immune-mediated inflammatory disease of the gastro-

intestinal tract that is characterized by its heterogeneous presentation and relapsing character. 

This highly variable presentation makes it very important to identify the clinical and genetic factors 

that can be used to predict disease course in individual patients. IBD comprises two main types: 

Crohn’s disease (CD) and ulcerative colitis (UC). 

Epidemiology

The prevalence of IBD varies greatly per geographic region, but also within these regions. Prevalence 

is highest in Europe and North America, with a prevalence of  ̴830 per 100,000 individuals in 

the Netherlands.1 The high prevalence in Western nations is believed to be associated with their 

industrialization, and IBD prevalence is much lower in developing countries and Asia.2 However, 

the incidence and prevalence of IBD in the Western world is now stabilizing, while the incidence 

of IBD in developing countries is increasing. Furthermore, people migrating from low prevalence 

areas to high prevalence areas become more susceptible to the disease, meaning that the children 

of adult immigrants acquire the same susceptibility to IBD as the native population, reaching the 

local prevalence of IBD within 1-2 generations. Together this evidence implies that factors in the 

Western lifestyle and environment play a role in IBD risk.2,3

Disease presentation of CD and UC 

IBD patients are usually diagnosed in the second or third decade of life, and an early onset in 

patients with CD is correlated with a more severe disease phenotype.4 IBD occurs more frequently in 

females, with a male:female ratio of 1:1.6 in CD and 1:1.2 in UC.5 Beyond CD and UC there are several 

other subtypes of IBD. Patients with chronic colitis without clinical, endoscopic or histological 

features of either CD or UC are diagnosed with Inflammatory Bowel Disease Unclassified (IBD-U). 

The diagnosis Inflammatory Bowel Disease Indeterminate (IBD-I) is reserved for colitis patients in 

whom the pathologist does not find features pathognomonic for either CD or UC in the colectomy 

specimen.

Depending on disease localization and severity, patients with CD can suffer from symptoms 

such as abdominal pain, weight loss, fever and bloody diarrhoea. Inflammation in CD mainly affects 

the terminal ileum, but can occur anywhere in the digestive tract. It can also affect all mucosal 

layers, which can lead to strictures, abscesses and fistulas from the bowel to skin, bladder, vagina 

or other bowel segments. Surgical intervention can induce long-term remission6 but is never a 

curative option in CD, therefore the principal treatment of inflammatory activity is drug therapy.7  
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Patients with UC typically have symptoms of bloody mucoid diarrhoea and lower abdominal 

pain. The inflammation in UC is confined to the colon, but in patients with a severe pancolitis a 

limited part of the terminal ileum can be affected, a condition called “backwash ileitis”. A total 

proctocolectomy will remove all affected tissue and is therefore curative in patients with UC. 

Colorectal cancer is a rare complication of IBD, and both CD and UC patients with longstanding 

inflammation of the colon have a higher risk for colorectal cancer compared to the general 

population. 

Twenty-five percent of patients with IBD have extraintestinal manifestations (EIMs).8 The most 

common EIMs are joint complaints (sacroiliitis and ankylosing spondylitis), ocular involvement 

(uveitis and episcleritis), and skin involvement (pyoderma gangrenosum, erythema nodosum, 

psoriasis or palmoplantar psoriasiform pustolosis, and metastatic CD). The prevalence of EIMs is 

higher in CD compared to UC,9 and active smoking increases risk for EIMs in CD and UC.10 Primary 

sclerosing cholangitis (PSC) is a rare liver disease characterized by fibrosis of the bile duct that 

often co-occurs with IBD. Approximately 68% of patients with PSC have IBD, of which 98% have 

UC or colonic CD and 6% have isolated ileal CD.11 Increased risk of thromboembolic events and 

osteoporosis are considered complications of IBD as opposed to true EIMs. An increased risk 

of thromboembolic events is associated with disease flares.12,13 The factors associated with 

osteoporosis are sustained use of corticosteroids and malabsorption. 

Treatment strategies in IBD consist of surgical intervention and medication. Selection 

of appropriate treatment depends on disease behaviour, location and severity. Choice of 

medication is further influenced by medication potency, potential side effects and the presence 

of EIMs or complications.14,15 Medications used in IBD consist of corticosteroids, mesalazine, 

immunomodulators (thiopurines or methotrexate) and biologics (anti-TNFα, anti-IL12/IL23 and 

anti-α4β7 agents). However, 16% of UC patients and up to 47% of CD patients will still require surgery 

in the ten years following their diagnosis.16 CD patients with disease activity are often initially treated 

with corticosteroids, and patients with steroid-refractory disease or steroid dependent disease are 

often treated with immunomodulators. Anti-TNFα therapy is indicated in patients with severe or 

refractory disease in whom immunosuppressive drugs are failing. Some patients who use anti-TNFα 

agents develop anti-TNFα antibodies, which reduces the anti-inflammatory effects of the drug.17 

UC patients with proctitis can often be treated with local therapy, but when this is insufficient, 

or the inflammation affects a larger extent of the colon, mesalazine should be started, sometimes 

in combination with corticosteroids. Immunomodulators can be added later to prevent relapse of 

inflammation. 

  1
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Chapter 1

Pathogenesis of IBD

Inflammation arises in IBD through an exacerbated immune response to the commensal bacteria 

in the gut in genetically predisposed individuals. While this process may sound straightforward, 

environmental factors,18 the immune response, the gut microbiota and genetics all play a role in 

disease risk, making the study of the pathogenesis of IBD a complex affair.

Smoking and appendectomy are environmental factors well established to play a role in IBD 

risk. Being a former smoker is a risk factor for the development of UC, while smoking is protective 

of an exacerbation once the disease has established. On the other hand, being a current smoker is a 

risk factor for the development of CD and is associated with a higher risk of disease exacerbations.19 

Prior appendectomy is an environmental factor associated with a reduced risk of acquiring UC.20

In recent years, the gut microbiome has become the focus of increased attention for its role 

in IBD. Many studies report dysbiosis, showing a decreased diversity in the gut microbiome in IBD 

patients as compared to that of healthy controls. In animal models of gut inflammation it has been 

shown that some microbial species reduce intestinal inflammation, whereas others (some known 

to be correlated with IBD) can exacerbate it, implying an important role for the gut microbiome in 

inflammation in IBD.21-25 

The genetic background of IBD risk has been studied extensively in the recent and rapid growth 

of the field of genetic research. Genome-wide association studies (GWAS) initially revealed more 

than 99 susceptible loci associated with IBD risk.26 In GWAS, large numbers of patients and healthy 

individuals are genotyped and compared for thousands of small common genetic variants, called 

single nucleotide polymorphisms (SNPs). As GWAS for other immune-mediated disease were carried 

out, it became clear that most genetic risk variants were shared between IBD and other immune-

mediated diseases.27,28 With this in mind, the Immunochip was designed. It is a customized array 

covering  ̴200,000 SNPs selected from GWAS results for 12 immune-mediated diseases. Immunochip 

studies have now been very successful in identifying new genetic risk loci for IBD, increasing the 

number of known IBD risk loci to 242.29-31  

Predicting disease course using clinical and genetic risk factors

A major concern in the management and treatment of IBD is the heterogeneity of the disease 

between patients. The localization, severity and course of the disease can be highly variable 

between individuals with the same diagnosis, yet we still cannot predict which patients are at risk of 

a severe disease course and who may require surgical intervention and expensive medication such 

as biologicals. It is thus important to identify clinical parameters that can predict disease course. 

Clinical parameters associated with a severe disease course, such as early age of onset, current 

smoking, and fistulising disease, should be considered as predictors for severe disease in clinical 

practice. These factors could, for example, be a reason for starting anti-TNF treatment or performing 
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surgical intervention earlier in disease course. Smoking, another clinical parameter associated 

with severe disease course, should be targeted by clinical support for smoking cessation before 

increasing the intensity of medical treatment. In addition to these clinical parameters known to be 

associated with severe disease course, there are many factors whose effect on disease phenotype 

and disease course has not yet been intensively researched, including the influence of ethnicity 

and sex differences. 

Genetic variants should also be considered in efforts to predict disease course. When it comes 

to disease risk, the role of genetics has been studied extensively. However, studies on genetic risk 

loci associated with a particular IBD phenotype remain few. A large international collaboration found 

three risk loci associated with disease location, but little or no genetic association with disease 

behaviour.32 Genetic studies on disease course and response to therapy have only just started to 

evolve and there is much more information to gain in this field of research. 

Ultimately, we want to incorporate both clinical and genetic risk factors into an algorithm that 

can predict whether a given patient will be at risk of a severe disease course. With such a prediction 

model, we could prevent unfavourable outcomes by starting harsher medical treatment earlier 

in the disease course in patients at high risk for severe disease outcome. The aim of my thesis is 

therefore to identify clinical and genetic predictors for specific IBD phenotypes. 

Outline of this thesis
This thesis focuses on resolving important questions in two areas of interest in IBD disease course:

• The epidemiology of IBD disease course: Identifying clinical factors that explain phenotypic 

differences in IBD patients

• The genetics of IBD disease course: Identifying genetic risk loci associated with IBD disease 

behaviour

Cohorts used in this thesis 

To identify clinical and genetic risk factors for specific IBD phenotypes, it is crucial to have detailed 

data that has been collected in a standardized manner. In the first part of my thesis I use data 

made available through the Parelsnoer Institute (www.parelsnoer.org). At the time of my study, the 

IBD Parelsnoer cohort contained 3388 patients with IBD collected via a collaboration of the eight 

University Medical Centers (UMCs) in the Netherlands. Detailed phenotypic data was collected 

for 225 IBD-related items. In the second part of my thesis I use the Understanding and Redefining 

IBD (UR-IBD) cohort collected through the department of Gastroenterology and Hepatology in 

the University Medical Center Groningen (UMCG). The UR-IBD cohort currently consists of over 

1000 patients with IBD, for whom we have extensive phenotype, genotype, and microbiome data 

as well as serological markers.  

  1
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Large cohorts are required to assess correlations between clinical factors and IBD phenotypes 

and to identify genetic risk loci associated with specific IBD phenotypes. Therefore, I collaborated 

with the University of Utrecht, where a large IBD cohort of 2252 IBD patients, the COIN study (Costs 

Of Inflammatory bowel disease in the Netherlands), had been collected from both the University 

and general hospitals.33 I used this cohort to increase my sample size to gain more power to assess 

phenotypic differences in patients with IBD. I also collaborated with the Translational Research in 

Gastrointestinal Disorders (TARGID) research center of the University of Leuven, whose cohort has 

both genotype data and infliximab antibody data available. Patients in the IBD Parelsnoer cohort, 

the UR-IBD cohort and the Leuven cohort have all been genotyped using the Immunochip. 

Part I. The epidemiology of IBD disease course: Identifying clinical factors that explain phe-

notypic differences in IBD patients 

To identify factors associated with a specific phenotype, it is critical that patient phenotypes are 

described in a consistent manner. The Montreal classification is a classification system for sub-

phenotypes of both CD and UC. While Montreal classification is used extensively in the clinic, there 

is virtually no data on its reliability and reproducibility. Therefore, in chapter 2, we validated the 

Montreal classification among 30 observers with different professions (gastroenterologist specialist 

in IBD, gastroenterologist in training and IBD-nurses) in 20 de-identified medical records. This intra- 

and inter-observer variability validation is important because chapter 3 gives an overview of the 

phenotypic characteristics of patients with IBD present in the IBD Parelsnoer cohort on 17 July 

2014. Furthermore, we used the IBD Parelsnoer cohort to further explore the clinical parameters 

that are associated with phenotypic differences in patients with IBD. 

As IBD is most often diagnosed in the second or third decade of life, patients can experience 

difficulties at work or study early in life. IBD can be a significant burden in daily life, as patients suffer 

from disease symptoms or flares of the disease. Consequently, patients with IBD are at significant 

risk for work disability. In chapter 4 we assess potential risk factors for work disability in IBD, which 

is of great importance in efforts to improve IBD patient care. 

IBD is emerging as a global disease, with a considerable variation within and between 

geographic regions. The incidence of IBD in developing countries may be increasing because of 

industrialization and Western lifestyle changes, but these changes cannot explain the phenotypic 

heterogeneity within and between regions. Population-based studies concerning phenotype 

differences between ethnicities and different countries of birth remain scarce. In chapter 5 we 

explore the role of ethnicity and country of birth on IBD phenotype.  

In recent years, diagnostic and treatment strategies for most chronic diseases have increasingly 

been adjusted to the individual patient, with extra care being taken to address the differential 

needs of male versus female patients, for example in cardiovascular disease.34 In IBD care, both 
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diagnostic and treatment strategies are applied equally to male and female patients. If we want to 

move further towards personalized treatment, it is important to assess differences in IBD disease 

course and in disease phenotypes between sexes. Chapter 6 therefore focuses on differences 

between male and female IBD patients, comparing phenotype, clinical manifestations, disease 

course, medical treatment and other healthcare consumption. For this study we used both the IBD 

Parelsnoer cohort and the COIN study cohort. 

Part II. The genetics of IBD disease course: Identifying genetic risk loci that are associated 

with IBD disease behaviour

Although more than 200 IBD loci are known to be associated with IBD risk there are only a few 

studies that correlate these loci to IBD disease behaviour. In this second part of my thesis I focus 

on IBD-associated genetic variants that are associated with a particular disease phenotype.

Chapter 7 is a review of IBD genetics. It describes the clinical presentation of IBD and gives an 

overview of the progress that has been made in the field of IBD genetics, from linkage and candidate 

studies to GWAS and Immunochip studies. Chapter 7 also describes the genetic and biological 

pathways of IBD and its overlap with other immune-mediated disease. The final part of this review 

focuses on genetic findings and how we can translate them to clinical practice. 

Hidradenitis suppurativa (HS) is a chronic inflammation of the apocrine glands often followed 

by sinus tract formation and scarring. Although HS is not yet a well-recognized EIM in IBD, the 

prevalence of HS in IBD is much higher than in the general population, which raises the hypothesis 

of a shared pathogenesis. In chapter 8, I aimed to identify genetic and clinical parameters associated 

with the occurrence of HS in IBD. 

The need for surgery for fibrostenotic disease in patients with CD is an indicator of a 

severe disease course. In chapter 9, I aimed to identify disease-modifying genes for recurrent 

fibrostenotic disease behaviour in CD. I used Immunochip data to perform a within-cases analysis 

in two independent cohorts by comparing patients with fibrostenotic CD with patients with purely 

inflammatory CD.  

The use of anti-TNFα agents is very important for inducing and maintaining clinical remission 

in patients with CD. However, some patients develop anti-drug antibodies (ADAs) to anti-TNFα, 

resulting in loss of response. In chapter 10, I aimed to identify genetic variants that play a role 

in the development of ADAs to anti-TNFα (infliximab and adalimumab), comparing IBD patients 

who developed anti-TNFα ADAs to IBD patients without these ADAs. This study was carried out in 

collaboration with University of Leuven, Belgium. 

Chapter 11 gives an overview of the studies present in this thesis, discussion and the future 

perspectives.

  1
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