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ABSTRACT 
 
Inflammatory bowel disease (IBD), with its two main entities Crohn's disease (CD) and 
ulcerative colitis (UC), is a chronic and relapsing inflammatory condition affecting the entire 
gastrointestinal tract. IBD is associated with reduced health-related quality of life, substantial 
loss of work productivity and increased morbidity. In Sweden alone, around 70 000 persons 
are estimated to be affected by IBD. Treatment includes both medical and surgical therapy. 
In case of failure or intolerance to conventional medical therapies, remaining treatment 
options are surgery or newer medical therapies such as biological agents. However, a sizeable 
number of patients do not respond or lose response to a certain biological agent, hence there 
is still a need to expand the knowledge about therapeutic options in IBD. This thesis therefore 
aimed to explored real-world clinical outcomes of a recent biological therapy. Using 
registered-based data, the thesis also investigated epidemiological aspects of IBD including 
the validity of IBD-related surgical procedure codes and the incidence of IBD in Sweden. 
 
In Study I, we validated IBD-related surgical procedure codes in the Swedish National 
Patient Register (NPR). We conducted the validation through patient chart review in a 
nationwide random sample of 262 patients with registered IBD diagnoses in the NPR 
between 1966 and 2014. We found high validity and high sensitivity for IBD-related surgical 
procedure codes in the NPR with a positive predictive value of 96.8% and a sensitivity of 
94.5%. Our study indicated that the NPR is a reliable data source for researchers wanting to 
identify patients with a history of IBD-related surgery. 
 
In Studies II and III, we conducted a nationwide prospective observational real-world study 
of clinical, biochemical and health-related quality of life outcomes in CD patients treated 
with ustekinumab according to clinical practice. We included a total of 114 patients initiated 
on ustekinumab treatment during 2017 and 2018 at 20 different hospitals. We found 
significant improvements of almost all outcome measures and both short-term (Study II) and 
long-term (Study III) response and remission to treatment. Our study contributes to the 
knowledge about the real-world effectiveness and safety of ustekinumab for treatment of 
moderate to severe CD. 
 
In Study IV, we estimated the nationwide incidence of IBD and subtypes (CD, UC and IBD- 
unclassified) and investigated differences between age-groups and sexes in Sweden 1990-
2014. We used a combination of diagnostic codes for IBD in the NPR and biopsy data from 
the ESPRESSO histopathology cohort to identify incident cases (N=65 908) during the study 
period. We found evidence of increasing incidence rates (IRs) in all subtypes 1990-2001, but 
signs of stabilising or decreasing IRs 2002-2014. We also showed differences in IRs between 
males and females related to age and calendar period. Our results contribute to the knowledge 
about temporal trends of IBD incidence in Sweden of importance for future research, and 
possibly also for healthcare resource planners.  
 
In conclusion, this thesis gave evidence of the NPR as a reliable and valid data source for 
researchers wanting to identify patients with previous IBD-related surgery. It also enhanced 
knowledge about the real-world effectiveness of ustkinumab, beneficial for patients suffering 
from CD. Finally, it shed light on previous contradicting estimates of the temporal trends of 
the incidence of IBD in Sweden. 
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1 INTRODUCTION 
 
Inflammatory bowel disease (IBD) mainly refers to the two disease entities of Crohn’s 
disease (CD) and ulcerative colitis (UC), although microscopic colitis [1] is sometimes 
included as a third entity. IBD is characterised by chronic and relapsing inflammation in the 
gastrointestinal tract. The history of IBD likely stems back far beyond the modern medical 
history writing when pathologist Samuel W. Wilks in 1859 described a middle-aged woman 
with severe bowel symptoms, fever and diarrhea, calling it ‘ulcerative colitis’[2]. However, 
she was later re-classified as having CD based on the classical signs of transmural 
inflammation in CD found in her autopsy. This historical note exemplifies the difficulties to 
sometimes distinguish between CD and UC at disease onset. In some cases, the diagnostics 
of IBD remains a challenge even with today’s advanced technique. The clinical features of 
CD were first described in more detail in a research article published in 1932 by Crohn et al. 
[3] The authors referred to CD as ‘regional ileitis’.  
 
Most common signs and symptoms of IBD range from abdominal pain, anemia, anorexia, 
fever, weight loss and fatigue, to bloody diarrhea and severe surgical emergencies such as 
peritonitis and perforation [4-6]. Many patients suffer from weight loss, anemia and diarrhea 
already at the time of IBD diagnosis. Symptoms also vary with disease location and IBD 
subtype [4-6]. Symptoms do not always correlate to disease activity and severity. 
 
IBD can have a substantial negative impact on the patients' health-related quality of life 
(HRQoL) and cause increased sick leave and lower work participation [7-12]. There is also 
evidence of subjective reductions of HRQoL such as negative impact on intimate relations 
[13, 14]. Monitoring of disease course with adequate and timely treatment decisions is of 
fundamental importance for the HRQoL of IBD patients. 
 
This thesis investigates clinical outcomes of medical treatment and surgical and 
epidemiological aspects of IBD. 
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2 BACKGROUND 
 

2.1 CLINICAL FEATURES OF INFLAMMATORY BOWEL DISEASE 

2.1.1 Crohn's disease 
CD can affect any part of the gastrointestinal tract from mouth to rectum, although the area 
around the ileocecal valve is a common disease location [6]. There is evidence suggesting 
ileal and colonic CD could be different disease entities [15]. CD is characterised by 
transmural inflammation involving both mucosal and submucosal layers of the intestines, 
causing a development of fibrosis and subsequent stenosis of the intestines [16]. The 
inflammation is non-continuous with so-called skip lesions, i.e. inflamed followed by non-
inflamed sections of the intestines [6]. Histopathological characteristics include granulomas 
[16]. Clinical symptoms of CD often depend on the location of inflammation. Most common 
symptoms are diarrhea, often with blood or mucus, followed by weight-loss and 
gastrointestinal pain and fatigue [17]. Many patients suffer from complications associated 
with CD such as fistulas, abscesses, strictures, perianal and extra-intestinal manifestations 
(EIMs) [6]. EIMs are more common in CD than UC and presence or absence of EIMs can be 
of guidance when distinguishing CD from UC [4, 6, 17]. 

2.1.2 Ulcerative colitis 
UC is a colorectal disease which after initial involvement of the distal part of the colon, 
including rectum, spreads more proximally [4]. In contrast to CD, the inflammation in UC is 
continuous and limited to the mucosa, however, severe UC can also present with transmural 
inflammation [4]. Histological characteristics of UC include irregular crypt architecture and 
crypt abscesses estimated to be prevalent in over than 60% of UC cases [16]. UC presents 
symptoms similar to those of CD. Diarrhea is the most common symptom in UC. While blood 
and mucus in the stool are present in around 50% of CD cases, it is even more frequent in 
UC [17, 18]. Patients with pancolitis often suffer from tenesmus, nocturnal defecation, rectal 
urgency and abdominal pain. Patients with isolated proctitis more often experience symptoms 
such as rectal bleeding and sometimes constipation [18]. The disease onset of UC can be 
severe with symptoms such as high fever, tachycardia and vomiting [4]. 

2.1.3 Aetiology and risk factors 
The chronic inflammation characterising IBD is believed to be initiated and maintained by a 
complex chain of interactions between the innate and adaptive immune response, genetic 
susceptibility, intestinal microbiota composition, impaired epithelial barrier function and 
environmental factors such as smoking, food intake and use of antibiotics [19-21]. However, 
the aetiology of IBD is still not fully understood.  
 
Hereditary aspects and genetic susceptibility is an important factor in the development of 
IBD[21]. To date, studies on the genetics of IBD suggest over 200 genetic loci associated 
with IBD [22, 23]. Some of which are shared between UC and CD, while others are suggested 
to be disease specific[22, 23]. The majority of associated genes are believed to be linked to 
the functioning of the immune system in the gastrointestinal tract[21, 24, 25] such as the 
interleukin 23 receptor (IL23R) and NOD2 genes.  
 
There are several known environmental risk factors associated with the onset, disease 
progression and prognosis of IBD[19]. Smoking can be protective in UC, showing lower risk 
of developing UC in current than former smokers, while considered a risk factor in CD[26-
29]. Medication, such as early-life exposure to antibiotics[30-32], nonsteroidal anti-
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inflammatory drugs (NSAIDs)[33, 34] and oral contraceptives[35-38] has also been 
associated with an increased risk of developing CD and UC. 
 
Although a causal relationship between microbial gut dysbiosis and the pathogenesis of IBD 
has not been shown in humans, current knowledge implies a major role of the microbiota. 
The potential influence of over a 100 trillion different species of bacteria, viruses, protozoa 
and fungi is not to be underestimated [39]. The gut microbiota plays a central role in the 
development of the immune system [39, 40] and IBD patients show a dysregulated immune 
response prone to development of chronic inflammation. There is also evidence of dysbiosis 
and change in the composition of the gut microbiota species compared to healthy 
individuals[41-49]. 

2.1.4 Comorbidities 
Comorbidities are common in both CD and UC and can involve almost any organ 
systems[50]. EIMs are present in as many as 25-50% of patients with IBD[50]. Most common 
manifestations include spondyloarthritis[50, 51], skin manifestations, including erythema 
nodosum and pyoderma gangrenosum [50], and eye inflammation such as uveitis and 
episcleritis[52]. IBD patients have an increased risk of thromboembolic events, partly due to 
the systemic inflammation caused by active disease [53, 54]. There is also evidence 
suggesting higher risk of anxiety and depression than in the general population [55]. A 
particularly feared comorbidity is primary sclerosing cholangitis (PSC), [50]. The condition 
is associated with cholangiocarcinoma and colorectal cancer [56, 57]. 

2.1.5 Mortality and risk of cancer 
Several studies have shown an overall increased mortality for both CD and UC compared to 
the general population [58-65]. This increase has been be attributed to the disease itself and 
to an increased risk of cardiovascular disease, serious infections and development of cancer 
[59]. The risk of cancer is increased for both intestinal and extra-intestinal malignancies, such 
as lymphoma and non-melanoma skin cancer[66, 67]. IBD patients show higher prevalence 
of colorectal cancer and increased mortality in such cancer compared to non-IBD controls[68, 
69] 
 

2.2 EPIDEMIOLOGY 

2.2.1 Prevalence 
The prevalence of IBD worldwide is influenced both by changes in incidence but also by 
decreasing all-cause and IBD-related mortality due to improved general health and better 
treatment of IBD during the past decades. Prevalence estimates for CD and UC range from 
around 1 and 5 cases per 100 000 persons in low prevalence countries, respectively, to around 
300 and 500 per 100 000 persons in high prevalence areas like the Nordic countries and North 
America[70, 71]. In Sweden, more than 60 000 individuals had an IBD diagnosis in 2010, 
accounting for an overall prevalence of 0.65% of the Swedish population (the authors 
required ≥2 records of IBD in the Swedish National Patient Register (NPR) for an IBD 
diagnosis)[72]. There is evidence of growing prevalence globally when new cases, driven by 
increasing incidence rates (IRs) world-wide, induce an exponential increase in the number of 
prevalent IBD cases in the world[73]. Differences in sex-specific prevalence have been 
reported from several regions and UC is generally more common in males and CD in 
females[70, 74, 75]. 
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2.2.2 Incidence 
The peak onset of IBD is bimodal with the first and highest peak occurring between 15 and 
25 years of age and the second between 50 and 70 years [76]. The incidence of IBD is 
increasing globally, with Europe, North America and Oceania showing the highest IRs[70]. 
A majority of studies investigating the incidence of IBD during the 20th century have shown 
steadily rising IRs of both UC and CD in the Western world[71]. However, since the 
beginning of the  21st century, several countries in the Western world report stabilising or 
declining IRs [73]. The most rapid increase in IBD incidence is now seen in developing 
countries in Africa and South America[70]. The reasons for the stabilising or declining IRs 
in the Western world are not fully known but could be related to changes in environmental 
factors, while the increasing IRs in developing countries have been suggested partly to be 
due to the introduction of less healthy diets and lifestyle changes[70, 77]. Some studies 
suggest geographical gradients of the incidence rates with decreasing incidence from West 
to East and North to South [77-79]. The reasons for this are not fully understood, but 
differences in dietary intake, genetics, environmental factors, awareness of the disease and 
diagnostics have been suggested as possible explanations[79, 80]. 
 
UC commonly have higher IRs than CD[70]. There are known differences in incidence 
between the sexes[74]. In Europe, females have lower IRs of CD than males during 
childhood, then shifting to higher IRs for males in adults. UC show similar IRs in males and 
females during childhood, while males have higher IRs than females after 45 years of 
age[74]. Worldwide, the IRs of CD ranges from 0.1 to around 25 per 100,000 person-years, 
and for UC from 0.2 to around 40 per 100 000 person-years[70]. In the Nordic countries, 
including Sweden, IRs between 26-40 (IBD), 16-47 (UC) and 8-22 (CD) per 100,000 person-
years have been reported [81-89]. 
 

2.3 TREATMENT OF INFLAMMATORY BOWEL DISEASE 

2.3.1 Treatment options 
Treatment of IBD stands on three pillars: medical treatment, surgery and nutritional support. 
The treatment aims to achieve and maintain disease remission, avoid complications and 
hospitalization and reduce disease impact on HRQoL. Treatment decisions must be based on 
a multidisciplinary approach involving several medical specialties, including 
gastroenterology, surgery, radiology and pathology[90]. Despite existing advanced treatment 
options, complications and disease flares are common in both UC and CD. Hence, there is 
still a need for novel therapeutic alternatives. 

2.3.2 Medical treatment 
Medical treatment of IBD is traditionally based on a step-up approach where corticosteroids, 
aminosalicylates and thiopurines form the therapeutic basis. In case of intolerance or failure 
to such treatment, remaining treatment alternatives include methotrexate and biological 
agents. 
 
When the first biological agent, anti-tumour necrosis factor (aTNF), was introduced some 20 
years ago it was seen as a major paradigm shift in the treatment of IBD, especially in severe 
cases[91]. Treatment with aTNF agents have since then become the mainstay of medical 
therapy for both UC and CD. Today’s aTNF alternatives include infliximab, adalimumab, 
golimumab and certolizumab. Treatment with aTNF has shown effectiveness in achieving 
both short-term and long-term remission [92-94] and reduced risk of both hospitalisation and 
surgery[95]. However, a sizeable number of around 40% treated are non-responders, 
intolerant to or experience secondary loss of response to aTNF treatment[96-100]. For those 
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patients, a class switch to other biologics such as anti-integrin antibody (vedolizumab) [101, 
102], IL-12/23-inhibitor (ustekinumab) [103-106] or JAK-inhibitor (tofacitinib)[107, 108] 
treatment are possible options. According to Swedish clinical treatment guidelines, aTNF, 
anti-integrin antibody and IL-12/23-inhibitor therapies are recommended in both UC and CD, 
depending on disease location and phenotype [109, 110].  
 
The IL-12/23-inhibitor ustekinumab was approved in Europe in 2016 for treatment of adults 
with moderate to severe CD. In pivotal trials, ustekinumab has shown efficacy in achieving 
response and remission as induction and maintenance therapy in moderate to severe CD[106, 
111] and in UC[112]. The follow-up pivotal trial on maintenance therapy with ustekinumab 
in CD showed that between 38-43% of initial responders were in remission after 152 
weeks[103]. Several short-term observational studies have confirmed the efficacy of 
ustekinumab in CD[113-119], however long-term studies are limited and further studies with 
longer follow-up time are warranted[120-123]. Furthermore, the optimal dosing intervals and 
drug concentration levels need to be further investigated in a real-world setting.  
 
Despite the recent development of IBD treatment and new medical treatment options, 
sufficient knowledge about optimal dosage intervals, possible combination therapies with 
immunomodulators and biologics in different disease phenotypes and age-groups, 
optimisation of drug concentration levels as well as predictors for response and remission 
are still largely lacking. There is also a need for head-to-head randomized controlled trials 
(RCTs) comparing clinical outcomes between existing biological agents in different patient 
cohorts and with different patient phenotypes. 

2.3.3 Surgical treatment 
The benefits of surgery as treatment of severe UC was demonstrated already in the 1950s by 
the British surgeon Sidney Truelove and his colleagues [124]. The introduction of surgery 
lowered the mortality in UC. The surgical methods have since then steadily evolved, via 
introduction of ileal pouch-anal anastomosis (IPAA) in the 1980s [125], through 
development of minimal invasive laparoscopic and robotic surgery [126, 127]. Today’s 
surgical options in CD[128] include strictureplasty[129], segmental resections[130], 
ileorectal and ileocolonic anastomosis and temporary or permanent ileostomy/colostomy, 
whereas in UC[131] the primary options are subtotal colectomy with ileostomy or ileorectal 
anastomosis, proctocolectomy with permanent ileostomy, IPAA or continent ileostomy 
according to Kock[132, 133]. 
 
In cases of severe or treatment refractory disease, surgery is sometimes the only remaining 
treatment alternative. About approximately 50% and 20% of patients with CD and UC 
respectively undergo surgery during their lifetime[126, 134-139]. There is some evidence of 
decreasing surgery rates in Sweden with lower rates of colectomies in patients with UC 
during the most recent decades[85]. Similar trends with decreasing rates of primary, however, 
not secondary surgery, have also been shown for CD in Sweden and other regions[135, 140]. 
This is thought to be, at least partially, a consequence of the introduction of more effective 
medical treatment with immunomodulators and biological agents during the past decades. 
 
Because of the disease characteristic with skip lesions, surgery is rarely curative in CD, 
whereas colectomy in UC can radically decrease the disease burden, improving short- and 
long-term HRQoL[141-143]. IBD-related abdominal surgery is elemental also for the 
treatment of colorectal cancer, a feared complication of long-standing colonic IBD[144]. It 
is sometimes said that “less is more” for surgery in CD, while for UC it is somewhat the other 
way around. However, the role and timing of IBD-surgery in the era of biologics remain to 
be further investigated[126, 145-147]. 
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2.3.4 Other treatment options 
Nutritional support is an integral part of IBD treatment mainly focusing on avoiding dietary 
triggers of disease flares and preventing malabsorption, a common problem in IBD. In 
children with CD, nutritional treatment may even constitute a primary treatment option[148, 
149]. Different diets are suggested to be involved in the pathogenesis and disease activity of 
IBD, where dietary components such as high fibre or fat intake have been investigated[19, 
150, 151]. Even with a large number of studies in this field, evidence supporting a specific 
diet or dietary supplement for treatment of IBD is lacking[152-155].  
 
Fecal microbiota transplantation can modify the gut microbiota, however the biochemical 
and immune response mechanisms involved are still largely unknown[156, 157]. Optimal 
donor and host match is not clear, neither are there any consensus on the way to administer 
the fecal transplant. Further research in this field is therefore warranted. 
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3 AIMS AND RESEARCH QUESTIONS 
 
The studies included in this thesis address research questions related to medical and surgical 
treatment as well as epidemiological aspects of IBD. The overarching aim is to provide 
further knowledge about advanced medical treatment of IBD for improved treatment decision 
making, ultimately beneficial for the individual IBD patient. Furthermore, it aims to provide 
epidemiological evidence on the temporal trends of the occurrence of IBD to support health 
care planning to meet the needs of the IBD patient population. Finally, it also aims to validate 
register-based data of surgical procedure codes used by researchers to study the epidemiology 
and outcomes of IBD-related surgical interventions. The study-specific research questions 
are summarised in Figure 3. 
 
 
 

 
 

 
 
 
  

Project  Research question  Study 
 
 
 
 

 

 

 

 

 

 

 

 
Figure 3 Overview of studies and research questions included in this thesis 
CD, Crohn's disease; IBD, inflammatory bowel disease; PROSE, PRospective Observational 
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4 DATA SOURCES AND LINKAGE 
 

4.1 TOTAL POPULATION REGISTERS 
 
Swedish National Patient Register 
The Swedish National Patient Register (NPR) was formed in 1964. It is governed and 
maintained by the National Board of Health and Welfare (NBHW). In 1987, the NPR became 
nationwide. It contains data about inpatient care such as discharge diagnoses according to the 
International classification of disease (ICD) codes, dates of hospital admission and discharge 
alongside data on medical and surgical procedure codes. All data in the NPR are linked to 
the Swedish personal identity number (PIN) assigned to all legal residents in Sweden [158]. 
Since 2001 the NPR also includes information on outpatient visits in specialised medical and 
surgical healthcare lending the NPR an almost 100% coverage of all inpatient visits. The 
coverage of outpatient visits is estimated to around 80% [159]. Both public and private 
caregivers are mandated according to Swedish laws and regulations to register patient data 
in the NPR, however primary care providers is not subject to these regulations [159].  
 
Surgical procedure codes have been registered in the NPR since the founding of the register 
in 1964. However, in 1993 it became mandatory to register such codes, and in 1997 
mandatory registration of day surgery was also introduced [160]. Since 2001, all types of 
medical procedures (i.e. also non-surgical) became mandatory to report [159]. A new 
classification system for surgical procedure codes based on an American classification 
version was introduced by the NBHW when the NPR was founded. The system used four 
digit-codes (e.g. 4642 ileocaecal resection). It was replaced in 1997 by an adapted version of 
the Nordic Medico-Statistical Committee Classification (NOMESCO) of Surgical 
Procedures using five-character alpha-numeric coding (e.g. JFB20 ileocaecal resection) 
[161]. This system is still in place and codes are continuously revised by the NBHW. All 
procedures with codes are listed in the publication Swedish Classification of surgical and 
medical procedures (in Swedish: “KVÅ” – klassifikation av vårdåtgärder) [162]. 
 

4.2 OTHER REGISTERS AND DATABASES 
 
Swedish inflammatory bowel disease register 
In addition to the NPR, the Swedish Inflammatory Bowel Disease Register 
(SWIBREG)[163] is an important source of data in IBD research. SWIBREG is a nationwide 
quality register for IBD formed in 2005. To date, it covers more than 80% of the Swedish 
IBD population (n=53 885 patients) (annual report 2021). SWIBREG includes data on CD 
phenotype, disease activity, treatment (including extensive data on biological treatment), 
smoking and HRQoL measurements. Together with the NPR it provides extensive data about 
the Swedish IBD population for epidemiological and clinical research [164]. 
 
Epidemiology strengthened by histopathology reports in Sweden - ESPRESSO cohort 
The nationwide gastrointestinal ESPRESSO histopathology cohort [165] comprises 
histopathology reports from 2.2 million unique individuals with around 6.1 million separate 
data entries. Data includes histopathology reports between 1965-2017 collected from all 
(n=28) pathology departments in Sweden. Through the unique PIN, data in the ESPRESSO 
cohort were linked to the NPR. Histopathology reports include codes of topography and 
morphology, according to a Swedish modification of the Systematised Nomenclature of 
Medicine (SnoMed) coding system. 
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4.3 ETHICAL CONSIDERATIONS 
 
The obligation to minimize the impact of research studies on the mental, physical and social 
integrity of the individual in research involving human subjects is specifically underlined in 
the 2013 Declaration of Helsinki [166]. Ethical aspects of studies included in this thesis were 
thoroughly discussed before initiation and adequate measures to minimize potential harm and 
breach of integrity of the individual study participants were taken.  
 
In Study I, all medical charts used for validation had been created under a patient-doctor 
confidentiality. Reviewing such charts violates this confidentiality without the consent of 
patient or doctor. As discussed elsewhere, the principle of informed consent does not 
necessarily apply to a register-based study such as chart review in Study I [167]. However, 
absence of informed consent warrants a considerable degree of confidentiality from the 
investigator when reviewing patient data in the charts. Number of investigators given access 
to the charts was therefore kept to a minimum and the charts were safely stored at the 
Department of Medical Epidemiology and Biostatistics (MEB), according to the guidelines 
for good data management practice at Karolinska Institutet. One gold standard for validating 
surgical procedure codes in the NPR is through manual chart review and the aim of Study I 
could not have been achieved by other research methods. The results of this study allow 
researchers to assess the efficacy of IBD-related surgery and study complications among 
various subgroups of IBD patients based on the knowledge of the sensitivity, specificity, 
positive and negative predictive value of the validated codes. 

Studies II and III included human subjects and were therefore subject to the regulations 
about informed consent according to national and international law [166, 168]. Ethical 
aspects such as informed consent, and the right of withdrawal of such at any point after 
inclusion, and strict confidentiality of collected data are stipulated in the study protocol of 
Studies II and III. Collected data were securely stored on encrypted servers and only the 
research team had access to the full set of collected data. To ensure the integrity of study 
participants, data were managed and analysed anonymously with a key file stored separate 
from the dataset used for statistical analyses. The individual treating physician independently 
decided to initiate the patient on the studied treatment according to clinical practice and 
treatment guidelines. Studies II and III did not impose any additional risk to the participating 
patient since only observational data were collected. The potential benefits for a large group 
of patients with moderate to severe CD outweighs the possible breach of integrity of the study 
subjects in these studies.  

Study IV is a register-based study and therefore exempted from the regulations about 
informed consent as discussed above. Data from the included registers (NPR) and databases 
(ESPRESSO) were compiled in a dataset through which no individual could be identified. 
Personal identity numbers were only used for linkage and data were analysed anonymously. 
The breach of patient integrity was therefore be kept to a minimum. Possible breaches of 
patient integrity must be weighed against the contribution to the understanding of temporal 
trends of the incidence of IBD in Sweden. Such knowledge is fundamental for observing 
time-dependent trends and possible influence and changes of risk factors for IBD. 
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5 METHODS  
 
An overview of study design, study population, main outcome measures and statistical methods applied in the studies included in the thesis is presented 
in Figure 5. 
  
 

   

Study Study design Study population Outcome measures Statistical analysis 
     

I Register-based study with patient 
chart review 

Random nationwide sample of patients with 
IBD diagnosis in the NPR during 1966-2014 

PPV and NPV 
Sensitivity and Specificity Bootstrap analysis 

     

II 
Multicenter prospective 

observational study 
Patients with active CD initiated on 

ustekinumab in Sweden during 
Jan 23, 2017 to Nov 22, 2018 

Clinical and biochemical 
response and remission 

HRQoL 

Survival analysis 
Univariable/multivariable 

logistic regression 
     

II Multicenter prospective 
observational study 

Patients with active CD initiated on 
ustekinumab in Sweden during 
Jan 23, 2017 to Nov 22, 2018 

Clinical and biochemical 
response and remission 

HRQoL 

Survival analysis 
Univariable/multivariable 

logistic regression 
     

IV Register-based study Patients in Sweden with IBD diagnosis in the 
NPR during 1990-2014 

Incidence rates 
Incidence rate ratios 
Cumulative lifetime 

incidence 

Poisson regression 

 
Figure 5 Overview of study design, study population, outcomes and statistical methods in studies included in the thesis 
CD, Crohn's disease; HRQoL, health-related quality of life; IBD, inflammatory bowel disease; NPV, negative predictive value; PPV, positive predictive value.  
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5.1 STUDY DESIGN AND STUDY POPULATION 

5.1.1 Validation of diagnostic codes in healthcare registers 
The use of quality data from healthcare registers is elemental for medical research. 
Knowledge about the validity of register-based data is important when designing studies and 
also for the interpretation of results. Validation studies can answer research questions about 
the validity and quality of data and expose potential sources of misclassification and 
administrative biases in registers. One gold standard for validating diagnostic and procedure 
codes is manual patient chart review. Such review allows for accurate comparison of the 
actual notes in the patient chart with codes in the register. However, chart review is time-
consuming, needs a structured methodological approach and the quality of the results 
depends on the competence of reviewers. 
 
In Study I, we validated surgical procedure codes in the NPR through manual patient chart 
review. A total of 262 patient charts from a nationwide random sample between 1966 and 
2014 were reviewed for IBD-related surgical procedure codes and checked against data in 
the NPR. The review used a study specific standardised methodology for validating 
procedure codes in the patient charts against the NPR described in Figure 5.1.1. 
 

 
 

Figure 5.1.1 Flowchart of chart review for IBD-related surgical procedure codes 
PC = patient chart, NPR = national patient register 

 

 Notes on surgery in the PC? 

No Yes 

Procedure code in the NPR? 

Yes No 

Procedure code in the PC? 

Yes No 

Procedure code in PC = notes? 
in MC? Mhe MC? MC?gery in 

the MC 

Yes No 

Procedure code in the NPR? 

Yes No 

Procedure code in the PC = procedure code in the NPR? 

Yes No 
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5.1.2 Prospective observational cohort study design 
Important elements of a cohort study design include recruiting and longitudinal follow-up of 
a selected study population. To enter the cohort the study participant needs to be free from 
the outcome at entry. The cohort is followed for a period (follow-up time) to observe and 
detect the outcome of interest. A prospective observational study cohort design observes 
study participants longitudinally from time of inclusion until end of study period or end of 
follow-up by other reasons such as death, emigration, lost-to follow up and withdrawal of 
consent. Strengths of a prospective observational cohort study design include clear temporal 
pattern of the outcomes and reduced risk of reporting bias since data are reported at follow-
up time points and not retrospectively. 
 
Studies II and III, used a multicenter prospective observational study design to collect real-
world clinical data about patients treated with ustekinumab. In these studies, the individual 
physician independently decided on the initiation of ustekinumab treatment according to 
national clinical treatment guidelines and clinical practice. Data were collected at pre-defined 
follow-up timepoints using a study specific electronic case report form (eCRF). Collected 
data included biochemical inflammatory markers and clinical information on disease activity 
in accordance with standard clinical practice. No additional study specific data were 
requested. A total of 114 patients were included between 23 January 2017 and 22 November 
2018. At end of study period (104 weeks), 69 patients remained on ustekinumab.  

5.1.3 Register-based epidemiological study design 
Register-based study designs to investigate the occurrence of disease enable researchers to 
include large study populations. By linking data in different registers together through an 
individual identification number epidemiological outcomes can be studied in a cost-efficient 
and less time-consuming way than requiring data from each individual. However, the 
robustness of the results depends on the quality and validity of the data in the registers. The 
Swedish national population registers (4.1 and 4.2 above) provide unique opportunities for 
epidemiological research in large populations cohorts. 
 
To study the incidence of IBD and subtypes during 1990-2012, Study IV used data on IBD 
diagnoses in the NPR and biopsy data in the ESPRESSO cohort linked together with an 
individual PIN for each patient. A total of 65 908 incident cases of IBD (UC, n=38 261; CD, 
n=18 577; IBD-unclassified (IBD-U), n=9 070) were identified between 1990-2014. The 
main strengths of this study are the large number of included cases and the combination of 
biopsy data and diagnostic codes. This diagnostic approach has previously showed high 
validity for similar data[32, 164]. 
 

5.2 MAIN DEFINITIONS AND MEASUREMENTS  

5.2.1 Inflammatory bowel disease 
There is no existing single gold standard for diagnosis of IBD and subtypes[169]. The 
diagnostic assessment includes a combination of endoscopic, clinical and histopathological 
data. In the studies included in this thesis, different definitions of IBD and subtypes were 
used to fit the study designs applied.  
 
In the validation study (Study I) we included IBD patients with at least one ICD diagnosis 
of IBD (ICD-9: CD 555, UC 556 or ICD-10: CD K50, UC K51) registered in the NPR. In 
the observational study of utstekinumab (Studies II and III), our diagnosis of CD was based 
on the clinical assessment of the including physician. In Study IV, we used data on SnoMed 
classified biopsies from the ESPRESSO cohort consistent with CD (SnoMed codes: T62-68, 
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D6216, M41-M44, M463 and M47), UC (T67-68, D6255, M41-M44, M463 and M47) and 
IBD-U (T67-68, D6214, D6216, D6255, M41-M44, M463 and M47). These codes were 
combined with ≥1 biopsy consistent with IBD (UC, CD or IBD-U). To define incident cases 
we also requested ≥1 concordant ICD code for IBD (CD (ICD-9/10: 555/K50 all sub-
classifications), UC (ICD-9/10: 556/K51 all sub-classifications) and IBD-U (ICD-10: 
K52.3)) registered in the NPR. 

5.2.2 Measures of validity 
Main outcome measures in Study I were sensitivity, specificity and PPV and NPV. 
Sensitivity was calculated as the proportion of surgical procedure codes in the patient charts 
also present in the NPR and specificity as the proportion of charts negative for IBD-surgery 
also negative for such surgery in the NPR. PPV was expressed as surgical procedure codes 
in the NPR with concordant surgery in the patient charts and NPV as absence procedure 
codes in the NPR and also absence of codes in the patient charts. 

5.2.3 Clinical and biochemical outcomes 
Different clinical assessment indices are used to monitor disease activity in IBD. Crohn’s 
Disease Severity Index (CDAI)[170] and Mayo Score (DAI) [171, 172] are commonly used 
indices in CD and UC respectively. They include both objective data such as number of 
soft/liquid stools last day/days and subjective self-assessed well-being. Harvey-Bradshaw 
Index (HBI), is used for clinical assessment in both UC and CD[173]. It captures items 
presented in Figure 5.3.2. HBI is often used when assessing treatment response and remission 
in clinical studies, were a HBI score of ≤4 points commonly is defined as remission and a 
≥3-point-decrease of HBI as response. Studies III and IV used HBI to assess remission and 
response, applying above presented cut offs. For evaluation of biochemical outcomes we 
used haemoglobin (Hb), C-Reactive Protein (CRP) as a general marker of inflammation and 
faecal-calprotectin (f-calprotectin) as a marker of gastrointestinal inflammation. In contrast 
to HBI, the latter inflammatory markers have shown a potential to predict active mucosal 
healing [174-176]. 

 

Item                                       Score   
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 5.3.2 Harvey-Bradshaw Index 

 

General well‐being Very well=0; Slightly poor=1; Poor=2; Very poor=3; Terrible=4 

Abdominal pain 

Number of liquid or soft 

stools per day (yesterday) 

Abdominal mass 

None=0; Mild=1; Moderate=2; Severe=3 

For each stool=1 

None=0; Dubious=1; Definite=2; Definite and tender=3 

Complications 
None=0; Arthalgia=1; Uveitis=1; Erythema nodosum=1; 

Aphthous ulcer=1; Pyoderma gangrenosum=1; Anal fissure=1; 
New fistula=1; Abscess=1 
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5.2.4 Health-related quality of life 
To capture the possible impact on HRQoL in CD patients treated with ustekinumab in 
Studies II and III we used Short Health Scale (SHS)[177, 178] and EuroQual 5-Dimensions 
5-Levels (EQ-5D-5L)[179]. The SHS is a valid instrument for assessing subjective HRQoL 
in both CD and UC [177, 178]. SHS includes four patient-reported dimensions of HRQoL, 
including social function/activity, bowel symptom burden, worry and general well-being. 
Each item is scored from 0 to 5, ranging from no problem (0) to worst imaginable state 
(5)[177]. The EQ-5D-5L includes five self-reported generic dimensions of HRQoL, mobility, 
self-care/hygiene, usual/daily activities, pain/discomfort and anxiety/depression[179]. It also 
includes a visual analogue scale (VAS) for assessment of current health state, ranging from 
0 to 100, representing the worst (0) to the best possible state (100). The responses to each 
dimension are converted into a compound index score where 1.0 represents best possible 
wellbeing. The EQ-5D-5L instrument is often used for reasons of simplicity and 
comparability. It has been validated and shown comparably high validity also in an IBD 
population[180]. 

5.2.5 Incidence 
Incidence describes the number of new cases of disease in a population at risk of getting the 
disease.  In Study IV, we calculated the incidence of IBD and subtypes (according to the 
definition described above, 5.2.1) in Sweden between 1990 and 2014 presented as IRs per 
100 000 person-years in the total Swedish population. We also calculated incidence rate ratios 
(IRRs) comparing the IRs between males and females, defining IRR as the IR for males 
divided by the IR for females. 
 

5.3 STATISTICAL METHODS 
 
In study I, measures of validity (PPV, NPV, sensitivity and specificity) were calculated with 
95% confidence intervals (CIs) using a two-step bootstrap analysis clustered for hospital in 
strict hierarchy with a total of 10 000 re-samplings [181, 182]. 
   
In studies II and II, we calculated proportions of patients with response or remission and 
changes in median values for biochemical outcome measures with interquartile ranges. 
Comparisons between groups were tested by Wilcoxon signed-rank test. Drug survival rates 
were presented in a plot using the Kaplan-Meier curves. Univariable and multivariable 
logistic regression [183] was used to investigate possible predictors for remission (binary 
outcome). The threshold for statistical significance was set to p-value >0.05. 
 
In study IV, Poisson regression [184] was used to calculate the age-standardised IRs per 
calendar year and age-group. We also used Poisson regression to investigate if the IRRs 
between the sexes vary by introducing an interaction term between sex and calendar period 
or age. Cumulative life-time incidence of IBD was calculated using a competing risk, which 
is interpreted as a probability of an IBD diagnosis across a life-time [185]. We used a 
threshold for statistical significance of p-value >0.05. 
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6 MAIN FINDINGS 
6.1 VALIDITY OF IBD-RELATED SURGICAL PROCEDURE CODES IN THE 

SWEDISH NATIONAL PATIENT REGISTER (STUDY I) 
 
We validated IBD-related surgical procedure codes through manual patient chart review in a 
nationwide random sample of 262 patients with IBD diagnoses registered in the NPR 
between 1966 and 2014. We identified 57 patients (22%) with a total of 158 individual 
surgical procedure codes in the NPR, representing 60 different types of codes. Of these, 155 
were also present in the patient charts and 153 were concordant with the surgical notes in the 
patient charts, corresponding to a PPV (n=153/158) of 96.8% (95%CI=93.9-99.1). In the 
patient charts, we identified 164 surgical procedure codes, of which 155 were registered in 
the NPR, corresponding to a sensitivity of 94.5% (95%CI=89.6-99.3). The specificity of the 
NPR for these codes were 98.5% (95%CI=97.6-100). 
 

 

6.2 REAL-WORLD CLINICAL OUTCOMES OF USTEKINUMAB TREATMENT IN 
CROHN'S DISEASE (STUDIES II AND III) 

 
In a nationwide prospective multicentre observational study of 114 patients initiated on 
ustekinumab according to routine clinical care in Sweden at 20 Swedish hospitals we 
assessed clinical (HBI) and biochemical response (Hb, CRP and f-calprotectin) at weeks 16, 
52 and 104 compared to baseline. We also reported changes in HRQoL measures (EQ5D-5L 
and SHS) during follow-up. Of included patients, nearly all (94%, n=107) had a history of 
treatment with one previous biological drug and half (51%, n=58) had failed ≥2 such 
treatments. One third (35%, n=40) had failed treatment with anti-integrin antibody agents. 
At initiation of treatment, concomitant treatment with corticosteroids and immunomodulators 
was seen in 18% (n=21) and 23% (n=26) of patients, respectively. At baseline, 72% 
(n=69/96, missing: n=18/114) had a HBI score ≥5. 
 
We observed clinical remission (≤4 points) in 26%, 32% and 29% of included patients after 
16, 52 and 104 weeks, respectively (Figure 6.2.1). The corresponding clinical response rates 
(≥3-point-decrease of HBI) were 33%, 36% and 29% (Figure 6.2.1). Weeks 52- and 104- 
response or remission was observed in 44% and 32%, respectively. The median HBI 

Table 6.1 Positive predictive value, sensitivity and specificity of the Swedish National Patient register for IBD-related surgical procedure codes 
(n=258 patients) 

 
CI = confidence interval, IBD = inflammatory bowel disease, NPR = national patient register, PPV = positive predictive value 
PPV of true positives calculated from surgical procedure codes in the NPR present in the charts (n=155) and codes confirmed by chart review. 
(n=153). PPV of concordant codes calculated from all surgical procedure codes in the NPR (n=158) and codes confirmed by chart review 
(n=153). 
 

 

 Chart review 

NPR Patient chart positive for IBD-related surgery 
(n=53 patients; N=164 codes) 

Patient chart negative for IBD-related surgery 
(n=205 patients) 

Code for IBD-related surgery 
(Concordant code in NPR) 

155 
(153) 

3 

No corresponding code for IBD-
related surgery 

9 202 

Patients with no code in the NPR 2  

PPV (true positives, 95%CI) 98.7 (96.3-100) 
153/155 

 

PPV (concordant codes, 95%CI) 96.8 (93.9-99.1) 
153/158 

 

Sensitivity of the NPR (95%CI) 94.5 (89.6-99.3) 
155/164 

 

Specificity of the NPR (95%CI)  
98.5 (97.6-100) 

202/205 
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decreased at all follow-up timepoints compared to baseline (Figure 6.2.2). We also saw 
statistically significant reductions of median levels of CRP and improvement in HRQoL 
measures throughout the study period compared to baseline. Drug survival rates were 92% 
(n=104/114), 70% (n=80/114) and 61% (n=69/114) at weeks 16, 52 and 104, respectively. 
 
 

 
Figure 6.2.1 Clinical response and remission 
Proportion of patients (%) with Harvey-Bradshaw Index (HBI) score ≥5 at baseline (n=69) and 

response (≥3-point-decrease of HBI) after 16, 52 and 104 weeks. Proportion of patients (%) in 

clinical remission (HBI score ≤4 points) after 16, 52 and 104 weeks among patients with HBI  

scores at baseline (n=96). 

 

 

 
Figure 6.2.2 Median Harvey-Bradshaw Index score during follow-up 

Box plot of Harvey-Bradshaw Index scores at baseline, weeks 16, 52 and 104. 
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6.3 INCIDENCE OF INFLAMMATORY BOWEL DISEASE IN SWEDEN (STUDY 
IV) 

 
We calculated the incidence of IBD and subtypes in Sweden based on biopsy reports and 
ICD diagnoses registered between 1990 and 2014. We identified a total of 65 908 incident 
cases of IBD. The mean annual age-standardised IR per 100 000 person-years for IBD during 
1990 to 2014 is 29.0 (95%CI=27.3-30.7) (Table 6.3.1). The corresponding numbers for UC 
and CD are 16.9 (95%CI=15.9-17.9) and 8.1 (95%CI=7.7-8.6), respectively. The annual IR 
for IBD, UC and CD increased by around 7% (p<0.001) between 1990 and 2001 but 
decreased by 1-2% (p <0.001) between 2002 and 2014 (Table 6.3.2). 
 
 

 
 
 

 

Table 6.3.1  Mean annual age-standardised incidence rates of overall IBD and  
by subtype per 100,000 person-years in Sweden 1990-2014 

 
CD, Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; IBD-U,  
inflammatory bowel disease unclassified; UC, ulcerative colitis.  
†For IBD-U we restricted the period to 2002-2014 as a diagnostic code for IBD-U was  
introduced only in 1997 and outpatient data were included in the Swedish National Patient  
Register since 2001. 

 IBD UC CD IBD-U† 

Period Incidence rate/100,000 person-years (mean, 95% CI) 

1990 - 2014 29.0 (27.3-30.7) 16.9 (15.9-17.9) 8.1 (7.7-8.6) - 

1990 - 2001 25.6 (22.7-28.6) 15.8 (13.9-17.7) 7.3 (6.5-8.0) - 

2002 - 2014 32.1 (31.4-32.8) 17.9 (17.2-18.7) 9.0 (8.7-9.3) 5.2 (4.9-5.6) 

Table 6.3.2 Mean annual change of incidence rates of overall IBD and by subtype per 
100,000 person-years in Sweden 1990-2014 

 
CD, Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; IBD-U,  
inflammatory bowel disease unclassified; UC, ulcerative colitis.  
†For IBD-U we restricted the period to 2002-2014 as a diagnostic code for IBD-U was 
introduced only in 1997 and outpatient data were included in the Swedish National Patient  
Register since 2001.  
‡ Adjusted for age and sex. 

 IBD UC CD IBD-U† 

Period Change in incidence rate/100,000 person-years (mean %, 95% CI)‡ 

1990-2014 1.8 (1.7–2.0) 1.0 (0.9–1.2) 1.7 (1.5–1.9) - 

1990-2001 7.6 (7.2–7.9) 6.9 (6.4–7.4) 7.0 (6.3–7.7) - 

2002-2014 -1.1 (-1.3 – -0.8) -2.2 (-2.5 – -1.8) -1.3 (-1.8 – -0.8) 3.1 (2.4–3.7) 
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Our results show differences in IRs and temporal trends between males and females. Males 
show higher overall IRs for IBD, UC and IBD-U, while the IR for CD is higher in females 
(Figure 6.3.1). The male to female incidence rate ratio (IRR) varies by age for UC (p=0.013) 
and CD (p=0.006) with increasing IRRs in UC and decreasing in CD with older ages (Figure 
6.3.2). The IRRs also vary by calendar periods for IBD (p=0.009), UC (p <0.001) and CD 
(p=0.009) with attenuation of the IRRs over time. We estimate that 1 in 40 individuals in 
Sweden is expected to be diagnosed with IBD during their lifetime.  
 
 

 
Figure 6.3.1 Age-standardised incidence rates of inflammatory bowel disease (IBD) per calendar 

year, stratified by sex. 

 

 
Figure 6.3.2 Age-specific incidence rates of inflammatory bowel disease (IBD)
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7 DISCUSSION  
 

7.1 METHODOLOGICAL CONSIDERATIONS 

7.1.1 Study design 
In Study I, we performed manual chart review to validate surgical procedure codes in the 
NPR using a predefined review methodology. Manual chart review is one of existing gold 
standards for validating diagnostic codes in registers. Other methodologies include patient 
examination and interviews of physicians who performed the procedures. Such approaches 
could potentially increase the accuracy of the classification of performed surgery. However, 
these methods are time-consuming and meet practical challenges. In our study, the 
assessment of the surgical notes in the charts is strengthened by pathology reports from 
surgical specimens and notes from follow-up visits after surgery. 
 
Studies II and III applied an observational prospective study design to investigate real-world 
clinical outcomes associated with ustekinumab treatment of CD patients. RCTs include an 
often homogenous and highly selected group of patients, chosen on the basis of narrow 
inclusion and wide exclusion criteria. The intervention is rigidly controlled and patients in 
the same group receive similar treatment regimens. However, in real-world clinical practice, 
treating physicians adopt far a more varied treatment patterns in a heterogeneous patient 
population.  
 
A prospective observational study design facilitates collection of a sufficient quantity of well-
defined clinical variables to address the objectives of Studies II and III. In contrast, 
retrospective database mining is typically only able to provide a limited amount of clinical 
data. Compared to previous RCTs [103, 111] evaluating ustekinumab in CD, we included a 
heterogenous group of patients with a homogenous treatment regimen representing 20 
regional and university hospitals, thus likely to reflect the CD patient population in Sweden.  
 
One limitation of Studies II and III is the comparably high rates of missing data at follow-up 
time points, owing the study design where clinical practice is only observed without 
intervening in or mandating reporting of all data items collected during follow-up. Another 
limitation is the lack of comparison group, limiting the conclusions about the associations 
between treatment and main outcome measures. 
 
Study IV used a register-based data to identify incident cases by combining ICD codes for 
IBD in the NPR and biopsy data in the ESPRESSO cohort. Using both ICD codes and biopsy 
data, we are likely to achieve higher accuracy than with ICD codes only and especially a 
better date for diagnosis. Other methods/study designs used in incidence studies include 
manual chart review and clinical assessment alone or in combination. In a previous validation 
study based on chart review, using ICD codes and biopsies, our diagnostic approach had a 
PPV of 95% (95%CI=88-99) [32]. 

7.1.2 Confounding 
Confounding occurs when the effect of the exposure on the outcome is influenced also by the 
effect of other variables[186]. A confounder is related to both exposure and outcome, but not 
part of the causal pathway between them. 
 
Previous exposure to biologics and the number of treatments with such agents in Studies II 
and III may indicate severe and treatment resistant CD, hence more likely to be initiated on 
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ustekinumab, and possibly less likely to respond to treatment. Similarly, concomitant 
treatment with immunomodulators may increase the likelihood of response and remission, 
especially in patients previously naïve to immunomodulators. 

7.1.3 Bias and misclassification 
Selection bias is systematic errors deriving from selection of study participants based on 
factors affecting the outcome of the study[186]. In Studies I and IV, we used the total 
Swedish population as source population when selecting the respective nationwide study 
populations. This approach reduces the potential effects of underrepresentation caused by 
selection bias.   
 
The chart review in Study I was performed by a single reviewer with medical training but 
lacking specialist surgical training. Cases of uncertainty of the performed surgery, as noted 
in the patient charts, were discussed with an experienced IBD-surgeon. Despite this approach, 
it cannot be excluded that biases in the assessment of surgical notes were introduced by the 
single reviewer. Such biases could potentially lead to misclassification of the performed 
surgery. However, misclassification is unlikely to be differential in our case, but can 
influence the results in cases when the surgery was incorrectly classified. Misclassification 
could also be introduced by the surgeons themselves in their notes, and by the person 
assigning a procedure code and when reporting it to the NPR. Since procedure codes and 
surgical notes are generally recorded in real time the risk of introducing recall or reporter 
biases is low. We performed a bootstrap analysis to calculate 95%CIs to account for 
differences in coding practice between hospitals.  
 
In the multicenter prospective Studies II and III patients initiated on ustekinumab and 
fulfilling the inclusion criteria were included based on independent decisions of treating 
physicians. Despite efforts to enroll all patients who consented to study participation, 
regardless of geographical residence, health status and previous treatment history, we cannot 
exclude that prior biologic and immunosuppressive treatment influenced the selection of 
study participants. This could introduce selection bias related to previous treatment, disease 
severity and history of surgery limiting the generalizability and comparison to other studies.  
 
Patient-reported data may introduce recall bias in outcome measures of HBI and HRQoL 
measurements. Overestimation and underestimation of existing symptoms and signs of 
disease may therefore be introduced. However, through prospective collection of real-world 
clinical data we aimed to reduce the risk of recall bias. To further limit this risk, we applied 
strict criteria for all clinical and biochemical outcomes and included only data reported within 
tight time-windows (±2 weeks) of physician's follow-up visits in the analyses. 
 
Study IV included diagnostic data of IBD diagnosis from the NPR and pathology data from 
the ESPRESSO cohort. Incident cases were defined as a combination of at least one ICD 
code of UC, CD or IBD-U in the NPR and a consistent biopsy report (SnoMed code) in the 
ESPRESSO data cohort. Year of diagnosis was set to first registered ICD/SnoMed code. With 
this definition, we were not able to identify changes in diagnoses from one subtype to another. 
However, potential misclassification is unlikely to be differential. Previous studies show that 
such changes occur both to and from subtypes with proportions of subtypes largely 
unchanged over longer periods[65, 187]. Taking the advantage of biopsy data in defining 
incident cases, we are able to more accurately assign year of IBD diagnosis of incident cases 
than with a case definition based on ICD codes alone. 
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7.1.4 Missing data 
During the study period of Studies II and III, patients were lost to follow-up, withdrew 
consent or discontinued treatment. Due to the observational study design, not mandating 
reporting of all data items, we encountered a considerable amount of missing data. To limit 
the effect on the main outcomes (response and remission) of patients discontinuing the study 
and of missing data we applied an intention-to-treat like approach. Missing data and 
discontinuation, regardless of the reason for discontinuation, were hereby classified as 
treatment failure in the analysis, thus avoiding overestimation of the main outcomes. 

7.1.5 Generalizability 
Generalizability (or external validity) aims to measures to what extend the findings are 
applicable also in other settings than the studied[186]. 
 
In Study I we validated surgical procedure codes used in IBD-related surgery. Since these 
codes are also used for other abdominal surgical conditions the results of our study can be 
generalized also to other diagnoses than IBD.  
 
The findings of Studies II and III represent clinical outcomes of ustekinumab for treatment 
of CD patients in a Swedish clinical setting. The current system for reimbursement of 
treatment and drug expenses on administrative and hospital levels can potentially influence 
the use of ustekinumab in Sweden as compared to other countries. We cannot exclude that 
financial aspects or regional differences in clinical practice influence treatment decisions for 
biologics, including ustekinumab. However, the study population represent a nationwide 
sample of both university and regional hospitals and we found no evidence of significant 
differences in basic patient characteristics between hospitals. With some caution, our findings 
can be generalized to a CD patient population in clinical settings outside Sweden such as 
countries with similar demographics, healthcare systems and treatment traditions. Possible 
selection bias limiting this generalizability is addressed above (7.1.3). 
 
The incidence and temporal trends of IBD were investigated in a nationwide sample of IBD 
patients in Study IV. The large sample size (N=65 908) lends considerable statistical power 
to the analyses. We did not perform any regional analyses and therefore cannot capture 
existing regional epidemiological trends. A regional Swedish study showed contradicting 
IBD prevalence numbers of UC and CD when comparing municipalities within the same 
region[188]. It is not fully known if such regional differences also exist in the incidence of 
IBD. The results of our study can possibly be generalized to countries with healthcare 
systems, demographics, diet and lifestyles similar to those in Sweden. 
 

7.2 INTERPRETATIONS AND IMPLICATIONS 

7.2.1 Validity of IBD-related surgical procedure codes in the Swedish 
National Patient Register (Study I) 

We found high validity (PPV 96.8%) and high sensitivity (94.5%) for IBD-related surgical 
procedure codes in the NPR (Study I).  Our results confirm previous findings of high validity 
for procedure codes of other types of surgery registered in the NPR[189-191]. Part of the 
incorrectly registered codes we found were possibly due to technical errors occurring when 
manually transferring the codes from patient charts to the NPR, such as shifting letters in the 
codes (for example JFB--- to JBF---). We also found that the actual IBD-related surgery took 
place on average 2.1 (SD 3.1) days after admission date registered in the NPR. These findings 
highlight the importance of validating not only diagnostic and procedure codes in health-care 
registers, but also the need for thorough understanding of the administrative and technical 
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aspects of registers when applying register-based data in research studies. In all, the NPR is 
a reliable and important data source for clinical and epidemiological studies based on IBD-
related surgical procedure codes. 

7.2.2 Real-world clinical outcomes of ustekinumab treatment in Crohn's 
disease (Studies II and III) 

Treatment of CD with ustekinumab according to recommended doses showed evidence of 
achieving both short-term response and remission and long-term remission in a real-world 
Swedish clinical setting. The study population in our study showed patient characteristics at 
baseline similar to comparable observational studies [114, 192] with 94% of included patients 
having previous exposure to biologic treatment. Response rates in our study (weeks 52 and 
104, 36% and 29%, respectively) were comparable to the those of the only currently fully 
multicenter prospective long-term observational study by Straatmijer et al [192]. However, 
we showed lower remission rates of 32% and 29% at weeks 52 and 104, respectively, 
compared to 44% and 37%, respectively, in their study. It is possible that our lower rates are 
due to differences in data collection methodology, timing of treatment initiation, disease 
severity and concomitant treatment with corticosteroids and immunomodulators. As 
previously discussed, we applied an intention-to-treat like approach, treating patients who 
were lost to follow-up or discontinued ustekinumab as treatment failures in the analyses. The 
response and remission rates in our study are therefore more likely to underestimate the 
impact of ustekinumab treatment on the main outcomes than the opposite. 
 
CD can have substantial negative impact on the HRQoL of patients. We found significant 
improvement of HRQoL measurements throughout the 104-week-study period. This 
confirms the findings of the previous long-term pivotal study of ustekinumab in CD[193]. 
Emphasis on the value of also reporting HRQoL outcomes as part of treatment evaluation in 
IBD is gradually growing[194]. Our findings indicate that improvement of HRQoL may not 
always correlate to high response and remission rates.    
    
It must be acknowledged that the absence of a comparison group in our studies make it 
difficult to evaluate the true association between ustekinumab treatment and main outcome 
efficacy measures. As for similar observational studies, the results must be interpreted with 
caution. In a meta-analysis of RCTs of the efficacy of medical treatment, including both 
biologics and conventional treatment, as many as 30% and 28% in the placebo group showed 
long-term response and remission, respectively[195]. In our study, we showed similar 
response and remission rates. However, disease severity, previous biologics exposure and 
disease duration were associated with lower response and remission rates in the meta-
analysis, and as pointed out in this thesis (7.1.1), patient populations in RCTs may differ 
substantially from those in observational studies. 

7.2.3 Incidence of inflammatory bowel disease in Sweden (Study IV) 
In a large cohort (N=65 908) We found evidence of rapidly increasing incidence between 
1990 and 2001 in UC and CD, followed by decreasing incidence from 2002 onwards. We 
also reported annual age-standardised IRs for the study period 1990 to 2014 (IBD, 29.0; UC, 
16.9; CD, 8.1; IBD-U (2002-2014), 5.2 per 100 000 person-years) comparable to those of 
previous Swedish and Nordic studies [81-84, 87, 89, 196, 197]. Differences in IRs can partly 
be explained by different case definitions. We also found that the IRR between males and 
females varies by age and calendar period for both UC and CD, however, in different 
directions by age in UC and CD.  
 
The increasing incidence in the first half of the study period may be explained by a rapid rise 
in number of endoscopies during that period. The underlying reasons for the following shift 
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to declining IRs are not known. The statistical significance of our findings is strengthened by 
the fact that even with a continuous growing number of endoscopies since 2002, potentially 
increasing the likelihood of becoming an incident IBD with our case definition, we found 
decreasing IRs. It is possible that unknown environmental factors and gradual changes in 
smoking habits and lifestyle over the years may eventually lead to decreasing incidence. 
There are no previous consistent findings on the temporal trends in Sweden. A regional study 
found increasing incidence of UC during 1990-2010, notably, using a different case definition 
than ours in a smaller study population[85].   
 
Differences in the IRRs between the sexes have not fully been investigated in previous 
Swedish studies. The differences we found by age may be explained by female exposure to 
oral contraceptives and hormonal changes during puberty, and also by menopausal hormonal 
changes [74]. 
 
Although our study was based on a large population-based cohort over a 25-year study 
period, the decreasing incidence rates from 2002 onwards need to be followed-up with 
incidence data up until today to confirm if this trend still holds. Furthermore, we did not 
explore any regional differences in IRs and therefore cannot exclude that such differences 
exist. 
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8 CONCLUSIONS  
 
Based on the studies included in this thesis the following main conclusions are noted: 
 

• The NPR shows high validity and high sensitivity for IBD-related surgical procedure 
codes indicating that it is a reliable data source for researchers aiming to identify and 
study patients with a history IBD-related surgery. (Study 1) 

 

• In a real-world setting, ustekinumab treatment is associated with improvement of short- 
and long-term clinical outcomes and improved HRQoL in patients with moderate to 
severe CD. (Studies II and II)  

 

• The incidence of IBD in Sweden increased overall and by subtype in both males and 
females during the 1990-2014. However, increasing incidence rates up until 2001 were 
followed by decreasing rates from 2002 onwards. The incidence varies between the 
sexes, across calendar periods and by age groups. It is expected that 1 in 40 individuals 
will be diagnosed with IBD during their lifetime, indicating a significant IBD burden 
of disease. (Study IV) 
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9 FUTURE PERSPECTIVES  
 
The global incidence and prevalence of IBD is expected to grow in coming years[198]. At 
present, about one third of patients with IBD are treatment refractory or lose response to 
aTNF treatment[97]. Remaining medical or surgical treatment options are still comparably 
few. Knowledge about the optimal timing, dosing intervals, drug concentration levels and 
combination of medical IBD therapies is still limited. Against this background, the 
importance of investigating these aspects through epidemiological and real-world data cannot 
be underestimated. 
 
Epidemiological evidence of disease occurrence and validity of register-based data are 
fundamental to healthcare planning and for design and interpretation of research studies. 
Although validating register-based data can be time-consuming it can identify important 
technical and administrative reasons for misclassification and errors. We validated IBD-
related surgical procedure codes, however future research on IBD would also benefit from 
validation of other IBD-related data in registers, such as endoscopic procedure codes, 
pathology reports and data on prescribed IBD drugs. At present, no consensus guidelines on 
validation methods for data in healthcare registers exist. Introduction of such guidelines to 
ensure sufficient quality of validation studies would be beneficial for future research. 
 
This thesis explored the temporal trends of the incidence of IBD in Sweden and reported 
decreasing incidence during the last 20 years. This is an encouraging development, however, 
the underlying reasons remain to be elucidated. Public healthcare policies, promoting healthy 
lifestyles and diets, may have impacted on the incidence. Repeated studies on the IBD 
incidence in Sweden and similar countries, with focus on regional and socioeconomic 
differences, can hopefully shed light on current and future temporal trends. Comparisons with 
other regions in the world may also help identify and understand differences in environmental 
and genetic impact on disease onset and sex related differences. Accurate estimates, and 
preferably also forecasts, of IBD incidence and prevalence are important for healthcare 
resource allocation. 
 
During the past two decades, new biologic therapies have been introduced for treatment of 
UC and CD. These additions, including ustekinumab, have mainly benefited patients with 
moderate to severe IBD. In parallel, surgery remains a central pillar of treatment of both UC 
and CD. In this thesis, we demonstrated that ustekinumab can achieve clinical response and 
remission in CD in a real-world setting. Further observational studies on ustekinumab and 
other recent biological agents are needed. Results of observational studies cannot replace 
RCTs, which are the only study design able to accurately assess the clinical effectiveness of 
treatment compared to no treatment. However, regardless of inherent limitations of clinical 
observational treatment studies discussed in this thesis, they can contribute with highly 
important data if systematically and prospectively collected in a real-world setting. Pivotal 
trials are typically not large enough to provide enough clinical data on safety profiles, optimal 
dosing patterns, drug concentration levels and concomitant treatment. We are still largely 
lacking knowledge on these important aspects of treatment with biologic agents. 
Furthermore, the positioning of a certain biologic agent relative to other biologics and surgery 
need to be better understood. Head-to-head RCTs in large patient cohorts, including different 
disease presentation and patient phenotypes, are therefore warranted. Especially challenging 
disease presentations, such as perianal CD, sadly still lack efficient treatment. Against this 
background, future research applying observational study designs, focusing on both short- 
and long-term treatment outcomes, is welcomed.  
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To facilitate the quality of pooled results of clinical observational studies through systematic 
reviews and meta-analysis, adherence to existing guidelines of observational studies is 
important. 
 
Finally, as a gastroenterologist, one can hope for future prediction models and biomarkers 
able to accurately guide clinical treatment decisions, predict treatment response, and possibly 
also map phenotype and forecast the disease course of individual IBD patients. 



 

  33 

10 ACKNOWLEDGEMENTS 
 
I humbly dedicate this section to my beloved family, friends, supervisors, colleagues and all 
collaborators who so genuinely supported me throughout my PhD studies. 
 
Family first. I would like to express my gratitude and love to my family. Dear mother, your 
love and support throughout my life, especially the past decade, have been extraordinary and 
elemental for my academic success and development in life. To my brother, Tomas "Broder 
Tuck", I want to extend my thanks for our friendship, your kindness and brotherhood. For 
my beloved father, who did not live to see me graduate, I light a candle that will light us both 
up until we eventually reunite. 
 
To the person who orchestrated the successful completion of my PhD, Professor Jonas F. 
Ludvigsson, I can only say that I will remain your humble student for the rest of my life. 
Your personal abilities, broad knowledge and work-efficiency outshines anyone I ever met. 
You are a role model for me in many aspects of science and life. I admire your positive 
attitude and problem-solving skillset. As long as I have known you, I have never seen you 
have a moody day or tell a negative word about anything or anyone, despite all challenges 
you have faced. You are an astonishing individual and a very sincere and kind person. 
 
Thank you Professor Jonas Halfvarson for always finding time to share your in-depth 
clinical knowledge in an e-mail reply or during a late evening problem-solving talk on the 
phone. I know my deep admiration for your knowledge and extremely likeable personality is 
shared by many colleagues in the field of gastroenterology, and beyond. 
 
Thanks to Associate professor Ola Olén for thoroughly scrutinizing my scientific work, 
always leaving me with a feeling that nothing important has been left out or foreseen. You 
turn each stone upside down in your efforts to improve and refine study designs, analyses 
and interpretations of results. I also greatly appreciated your mentoring of me as a scientist, 
sharing your experience and advice.   
 
Associate professor Pär Myrelid, thanks for your invaluable surgical expertise and 
generous support through SWIBREG. Whenever I mention your name, I am met with the 
same deep respect and admiration for your surgical knowledge and clinical skills as I have. 
You are always so humble and helpful. 
 
To my PhD mentor, Governor of Sveriges Riksbank and PhD in Economics Stefan Ingves, 
I want to thank you for your generosity in sharing your valuable time, wisdom and experience 
with me as my mentor during this PhD journey. I have very much appreciated your honest 
reflections on the topics we discussed over the years. I am humbled by your professional and 
personal qualities. I will always remember the quote: "Det känner man i armen." 
 
I want to express gratitude and respect to my fellow PhD student David Bergman, for your 
generous support, whenever I needed it. I particularly appreciated our conversations on topics 
beyond research (i.e. topics that after all really matters). 
 
Thanks to Associate professor Mark Clements for sharing your statistical insights and for 
your patient and pedagogic approach. And for your (sometimes!) humorous jokes.  
 
Thank you PhD Bjorn Roelstraete for kind support with datasets, statistics and enriching 
conversations.  



 

 34 

 
Many thanks to Mariam Lashkariani for your data-management support and endless 
patience, despite all my changes in the datasets. 
 
To PhD Kristin Klarström Engström and research project assistant Ida Gustafsson, I 
could not have done it as smooth and well without your help and efforts. Hopefully no more 
eCRFs now - for a while... 
 
I would like to thank PhD Fredrik Hjelm, PhD Nadia Merclin and PhD Kina Viklund at 
Janssen Cilag AB for excellent cooperation and support. You have facilitated the success of 
our common project through your flexible and pragmatic approach to arising challenges. It 
was a true pleasure to cooperate with you. 
 
Many thanks to Alessandra Nanni, Gunilla Sonnebring and Gunilla Nilsson Roos for 
your fast and stringent administrative support at MEB during my PhD studies. 
 
To all my talented PhD colleagues and teachers at MEB, I want to extend my gratitude for 
your support and kindness. No one mentioned and no one forgotten. Special mentioning and 
thanks to all loyal runners in the MEB Runners Club I started with your support. 
 
Finally, to all those beautiful and magnanimous souls I was blessed to meet along the 
highway of my life, I remain you endlessly grateful even for the smallest things you give, 
gave and left behind for me to cherish. To H and G, thank you for the time we walked 
together. A too short moment in time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  35 

11 REFERENCES 
 
 
1. Park, T., D. Cave, and C. Marshall, Microscopic colitis: A review of etiology, 

treatment and refractory disease. World J Gastroenterol, 2015. 21(29): p. 8804-
8810. 

2. Kirsner, Origins and Directions of Inflammatory Bowel Disease: Early Studies of 
the Nonspecific Inflammatory Bowel Diseases. Boston: Kluwer Academic 
Publishers, 2001: p. 246 p.p. 

3. Crohn, B.B., L. Ginzburg, and G.D. Oppenheimer, Regional Ileitis - a Pathologic 
and Clinical Entity (Reprinted). Jama-Journal of the American Medical Association, 
1984. 251(1): p. 73-79. 

4. Ordás, I., et al., Ulcerative colitis. The lancet., 2012. 380(9853): p. 1606-1619. 
5. Mazal, J., Crohn disease: pathophysiology, diagnosis, and treatment. Radiologic 

technology. 85(3): p. 297-317. 
6. Baumgart, D.C. and W.J. Sandborn, Crohn's disease. Lancet, 2012. 380(9853): p. 

1590-605. 
7. Neovius, M., et al., Patients with ulcerative colitis miss more days of work than the 

general population, even following colectomy. Gastroenterology, 2013. 144(3): p. 
536-43. 

8. Busch, K., et al., Sick leave and disability pension in inflammatory bowel disease: a 
systematic review. J Crohns Colitis, 2014. 8(11): p. 1362-77. 

9. Everhov, Å., et al., Work Loss in Relation to Pharmacological and Surgical 
Treatment for Crohn's Disease: A Population-Based Cohort Study. Clin Epidemiol, 
2020. 12: p. 273-285. 

10. Khalili, H., et al., Healthcare use, work loss and total costs in incident and 
prevalent Crohn's disease and ulcerative colitis: results from a nationwide study in 
Sweden. Aliment Pharmacol Ther, 2020. 52(4): p. 655-668. 

11. Knowles, S.R., et al., Quality of Life in Inflammatory Bowel Disease: A Systematic 
Review and Meta-analyses-Part II. Inflamm Bowel Dis, 2018. 24(5): p. 966-976. 

12. Knowles, S.R., et al., Quality of Life in Inflammatory Bowel Disease: A Systematic 
Review and Meta-analyses-Part I. Inflamm Bowel Dis, 2018. 24(4): p. 742-751. 

13. Bel, L.G.J., et al., Sexual Dysfunctions in Men and Women with Inflammatory 
Bowel Disease: The Influence of IBD-Related Clinical Factors and Depression on 
Sexual Function. The journal of sexual medicine., 2015. 12(7): p. 1557-1567. 

14. Rivière, P., et al., Frequency of and Factors Associated With Sexual Dysfunction in 
Patients With Inflammatory Bowel Disease. Journal of Crohn's and colitis., 2017. 
11(11): p. 1347-1352. 

15. Cleynen, I., et al., Inherited determinants of Crohn's disease and ulcerative colitis 
phenotypes: a genetic association study. Lancet, 2016. 387(10014): p. 156-67. 

16. Magro, F., et al., European consensus on the histopathology of inflammatory bowel 
disease. J Crohns Colitis, 2013. 7(10): p. 827-851. 

17. Gomollón, F., et al., 3rd European Evidence-based Consensus on the Diagnosis and 
Management of Crohn's Disease 2016: Part 1: Diagnosis and Medical 
Management. J Crohns Colitis, 2017. 11(1): p. 3-25. 

18. Magro, F., et al., Third European Evidence-based Consensus on Diagnosis and 
Management of Ulcerative Colitis. Part 1: Definitions, Diagnosis, Extra-intestinal 
Manifestations, Pregnancy, Cancer Surveillance, Surgery, and Ileo-anal Pouch 
Disorders. Journal of Crohn's and colitis., 2017. 11(6): p. 649-670. 

19. Ananthakrishnan, A.N., Epidemiology and risk factors for IBD. Nat Rev 
Gastroenterol Hepatol, 2015. 12(4): p. 205-17. 



 

 36 

20. Cosnes, J., et al., Epidemiology and natural history of inflammatory bowel diseases. 
Gastroenterology, 2011. 140(6): p. 1785-94. 

21. Khor, B., A. Gardet, and R.J. Xavier, Genetics and pathogenesis of inflammatory 
bowel disease. Nature, 2011. 474(7351): p. 307-17. 

22. Graham, D.B. and R.J. Xavier, From genetics of inflammatory bowel disease 
towards mechanistic insights. Trends Immunol, 2013. 34(8): p. 371-8. 

23. Huang, H., et al., Fine-mapping inflammatory bowel disease loci to single-variant 
resolution. Nature, 2017. 547(7662): p. 173-178. 

24. Loddo, I. and C. Romano, Inflammatory Bowel Disease: Genetics, Epigenetics, and 
Pathogenesis. Front Immunol, 2015. 6: p. 551. 

25. Bianco, A.M., M. Girardelli, and A. Tommasini, Genetics of inflammatory bowel 
disease from multifactorial to monogenic forms. World J Gastroenterol, 2015. 
21(43): p. 12296-310. 

26. Mahid, S.S., et al., Smoking and inflammatory bowel disease: a meta-analysis. 
Mayo Clin Proc, 2006. 81(11): p. 1462-71. 

27. Calkins, B.M., A meta-analysis of the role of smoking in inflammatory bowel 
disease. Dig Dis Sci, 1989. 34(12): p. 1841-54. 

28. Cosnes, J., et al., Smoking cessation and the course of Crohn's disease: an 
intervention study. Gastroenterology, 2001. 120(5): p. 1093-9. 

29. Benjamin, J.L., et al., Smokers with active Crohn's disease have a clinically relevant 
dysbiosis of the gastrointestinal microbiota. Inflamm Bowel Dis, 2012. 18(6): p. 
1092-100. 

30. Shaw, S.Y., J.F. Blanchard, and C.N. Bernstein, Association between the use of 
antibiotics in the first year of life and pediatric inflammatory bowel disease. Am J 
Gastroenterol, 2010. 105(12): p. 2687-92. 

31. Shaw, S.Y., J.F. Blanchard, and C.N. Bernstein, Association Between the Use of 
Antibiotics and New Diagnoses of Crohn's Disease and Ulcerative Colitis. Am J 
Gastroenterol, 2011. 106(12): p. 2133-2142. 

32. Nguyen, L.H., et al., Antibiotic use and the development of inflammatory bowel 
disease: a national case-control study in Sweden. Lancet Gastroenterology & 
Hepatology, 2020. 5(11): p. 986-995. 

33. Ananthakrishnan, A.N., et al., Aspirin, nonsteroidal anti-inflammatory drug use, 
and risk for Crohn disease and ulcerative colitis: a cohort study. Ann Intern Med, 
2012. 156(5): p. 350-9. 

34. Felder, J.B., et al., Effects of nonsteroidal antiinflammatory drugs on inflammatory 
bowel disease: A case-control study. Am J Gastroenterol, 2000. 95(8): p. 1949-
1954. 

35. Cornish, J.A., et al., The risk of oral contraceptives in the aetiology of inflammatory 
Bowel disease: A meta-analysis. Gut, 2008. 57: p. A113-A113. 

36. Khalili, H., Risk of Inflammatory Bowel Disease with Oral Contraceptives and 
Menopausal Hormone Therapy: Current Evidence and Future Directions. Drug Saf, 
2016. 39(3): p. 193-7. 

37. Khalili, H., et al., Association Between Long-term Oral Contraceptive Use and Risk 
of Crohn's Disease Complications in a Nationwide Study. Gastroenterology, 2016. 
150(7): p. 1561-1567. 

38. Khalili, H., et al., Oral Contraceptive Use and Risk of Ulcerative Colitis 
Progression: A Nationwide Study. Am J Gastroenterol, 2016. 111(11): p. 1614-
1620. 

39. Sheehan, D. and F. Shanahan, The Gut Microbiota in Inflammatory Bowel Disease. 
Gastroenterol Clin North Am, 2017. 46(1): p. 143-154. 

40. Andoh, A., Physiological Role of Gut Microbiota for Maintaining Human Health. 
Digestion, 2016. 93(3): p. 176-81. 



 

  37 

41. Andoh, A., et al., Terminal restriction fragment length polymorphism analysis of the 
diversity of fecal microbiota in patients with ulcerative colitis. Inflamm Bowel Dis, 
2007. 13(8): p. 955-62. 

42. Fujimoto, T., et al., Decreased abundance of Faecalibacterium prausnitzii in the gut 
microbiota of Crohn's disease. J Gastroenterol Hepatol, 2013. 28(4): p. 613-9. 

43. Nishino, K., et al., Analysis of endoscopic brush samples identified mucosa-
associated dysbiosis in inflammatory bowel disease. J Gastroenterol, 2018. 53(1): p. 
95-106. 

44. Sartor, R.B. and G.D. Wu, Roles for Intestinal Bacteria, Viruses, and Fungi in 
Pathogenesis of Inflammatory Bowel Diseases and Therapeutic Approaches. 
Gastroenterology, 2017. 152(2): p. 327-339. 

45. McGonagle, D. and M.F. McDermott, A proposed classification of the 
immunological diseases. PLoS Med, 2006. 3(8): p. 297. 

46. Frank, D.N., et al., Molecular-phylogenetic characterization of microbial 
community imbalances in human inflammatory bowel diseases. Proc Natl Acad Sci 
U S A, 2007. 104(34): p. 13780-5. 

47. Walker, M.M., Inflammation, Genetics, Dysbiosis, and the Environment: New 
Paradigms for Diagnosis in Complex Chronic Gut Syndromes. J Clin Gastroenterol, 
2016. 50 Suppl 1: p. S4-5. 

48. Manichanh, C., et al., Reduced diversity of faecal microbiota in Crohn's disease 
revealed by a metagenomic approach. Gut, 2006. 55(2): p. 205-11. 

49. Peterson, D.A., et al., Metagenomic approaches for defining the pathogenesis of 
inflammatory bowel diseases. Cell Host Microbe, 2008. 3(6): p. 417-27. 

50. Harbord, M., et al., The First European Evidence-based Consensus on Extra-
intestinal Manifestations in Inflammatory Bowel Disease. J Crohns Colitis, 2016. 
10(3): p. 239-254. 

51. Salvarani, C. and W. Fries, Clinical features and epidemiology of 
spondyloarthritides associated with inflammatory bowel disease. World J 
Gastroenterol, 2009. 15(20): p. 2449-55. 

52. Larsen, S., K. Bendtzen, and O.H. Nielsen, Extraintestinal manifestations of 
inflammatory bowel disease: epidemiology, diagnosis, and management. Ann Med, 
2010. 42(2): p. 97-114. 

53. Zezos, P., G. Kouklakis, and F. Saibil, Inflammatory bowel disease and 
thromboembolism. World J Gastroenterol, 2014. 20(38): p. 13863-13878. 

54. Vegh, Z., et al., Low incidence of venous thromboembolism in inflammatory bowel 
diseases: prevalence and predictors from a population-based inception cohort. 
Scand J Gastroenterol, 2015. 50(3): p. 306-11. 

55. Marrie, R.A., et al., Physical comorbidities increase the risk of psychiatric 
comorbidity in immune-mediated inflammatory disease. General hospital psychiatry. 
51: p. 71-78. 

56. Singh, S. and J.A. Talwalkar, Primary sclerosing cholangitis: diagnosis, prognosis, 
and management. Clinical gastroenterology and hepatology, 2013. 11(8): p. 898-
907. 

57. Eaton, J.E., et al., Pathogenesis of primary sclerosing cholangitis and advances in 
diagnosis and management. Gastroenterology : official journal of the American 
Gastroenterologic Association., 2013. 145(3): p. 521-536. 

58. Ording, A.G., et al., Five-year mortality in colorectal cancer patients with 
ulcerative colitis or Crohn's disease: a nationwide population-based cohort study. 
Inflamm Bowel Dis, 2013. 19(4): p. 800-5. 

59. Jussila, A., et al., Mortality and causes of death in patients with inflammatory bowel 
disease: a nationwide register study in Finland. Journal of Crohn's and colitis., 
2014. 8(9): p. 1088-1096. 



 

 38 

60. Card, T., R. Hubbard, and R.F.A. Logan, Mortality in inflammatory bowel disease: 
a population-based cohort study. Gastroenterology : official journal of the 
American Gastroenterologic Association., 2003. 125(6): p. 1583-1590. 

61. Jess, T., M. Frisch, and J. Simonsen, Trends in overall and cause-specific mortality 
among patients with inflammatory bowel disease from 1982 to 2010. Clin 
Gastroenterol Hepatol, 2013. 11(1): p. 43-8. 

62. Manninen, P., et al., Mortality in ulcerative colitis and Crohn's disease. A 
population-based study in Finland. J Crohns Colitis, 2012. 6(5): p. 524-8. 

63. O'Toole, A., et al., Mortality in inflammatory bowel disease patients under 65 years 
of age. Scand J Gastroenterol, 2014. 49(7): p. 814-9. 

64. Olén, O., et al., Increased Mortality of Patients With Childhood-Onset 
Inflammatory Bowel Diseases, Compared With the General Population. 
Gastroenterology, 2019. 156(3): p. 614-622. 

65. Olen, O., et al., Mortality in adult-onset and elderly-onset IBD: a nationwide 
register-based cohort study 1964-2014. Gut, 2020. 69(3): p. 453-461. 

66. Kappelman, M.D., et al., Risk of cancer in patients with inflammatory bowel 
diseases: a nationwide population-based cohort study with 30 years of follow-up 
evaluation. Clin Gastroenterol Hepatol, 2014. 12(2): p. 265-73 e1. 

67. Nieminen, U., et al., Inflammation and disease duration have a cumulative effect on 
the risk of dysplasia and carcinoma in IBD: a case-control observational study 
based on registry data. Int J Cancer, 2014. 134(1): p. 189-96. 

68. Olen, O., et al., Colorectal cancer in Crohn's disease: a Scandinavian population-
based cohort study. Lancet Gastroenterol Hepatol, 2020. 5(5): p. 475-484. 

69. Olen, O., et al., Colorectal cancer in ulcerative colitis: a Scandinavian population-
based cohort study. Lancet, 2020. 395(10218): p. 123-131. 

70. Ng, S.C., et al., Worldwide incidence and prevalence of inflammatory bowel disease 
in the 21st century: a systematic review of population-based studies. Lancet, 2018. 
390(10114): p. 2769-2778. 

71. Molodecky, N.A., et al., Increasing incidence and prevalence of the inflammatory 
bowel diseases with time, based on systematic review. Gastroenterology, 2012. 
142(1): p. 46-54. 

72. Büsch, K., et al., Nationwide prevalence of inflammatory bowel disease in Sweden: 
a population-based register study. Aliment Pharmacol Ther, 2014. 39(1): p. 57-68. 

73. Kaplan, G.G. and J.W. Windsor, The four epidemiological stages in the global 
evolution of inflammatory bowel disease. Nat Rev Gastroenterol Hepatol, 2021. 
18(1): p. 56-66. 

74. Shah, S.C., et al., Sex-Based Differences in Incidence of Inflammatory Bowel 
Diseases-Pooled Analysis of Population-Based Studies From Western Countries. 
Gastroenterology, 2018. 155(4): p. 1079-1089. 

75. Shah, S.C., et al., Sex-based differences in the incidence of inflammatory bowel 
diseases-pooled analysis of population-based studies from the Asia-Pacific region. 
Aliment Pharmacol Ther, 2019. 49(7): p. 904-911. 

76. Calkins, B.M., et al., Trends in incidence rates of ulcerative colitis and Crohn's 
disease. Dig Dis Sci, 1984. 29(10): p. 913-20. 

77. Ng, S.C., et al., Geographical variability and environmental risk factors in 
inflammatory bowel disease. Gut, 2013. 62(4): p. 630-49. 

78. Benchimol, E.I., et al., Epidemiology of pediatric inflammatory bowel disease: a 
systematic review of international trends. Inflamm Bowel Dis, 2011. 17(1): p. 423-
39. 

79. Sykora, J., et al., Current global trends in the incidence of pediatric-onset 
inflammatory bowel disease. World J Gastroenterol, 2018. 24(25): p. 2741-2763. 



 

  39 

80. Vegh, Z., Z. Kurti, and P.L. Lakatos, Epidemiology of inflammatory bowel diseases 
from west to east. J Dig Dis, 2017. 18(2): p. 92-98. 

81. Ronnblom, A., S.M. Samuelsson, and A. Ekbom, Ulcerative colitis in the county of 
Uppsala 1945-2007: incidence and clinical characteristics. J Crohns Colitis, 2010. 
4(5): p. 532-6. 

82. Everhov, A.H., et al., Incidence and Treatment of Patients Diagnosed With 
Inflammatory Bowel Diseases at 60 Years or Older in Sweden. Gastroenterology, 
2018. 154(3): p. 518-528. 

83. Lapidus, A., Crohn's disease in Stockholm County during 1990-2001: an 
epidemiological update. World J Gastroenterol, 2006. 12(1): p. 75-81. 

84. Sjoberg, D., et al., Incidence and natural history of ulcerative colitis in the Uppsala 
Region of Sweden 2005-2009 - results from the IBD cohort of the Uppsala Region 
(ICURE). J Crohns Colitis, 2013. 7(9): p. 351-7. 

85. Eriksson, C., et al., Changes in medical management and colectomy rates: a 
population-based cohort study on the epidemiology and natural history of ulcerative 
colitis in Orebro, Sweden, 1963-2010. Aliment Pharmacol Ther, 2017. 46(8): p. 
748-757. 

86. Zhulina, Y., et al., Temporal trends in non- stricturing and non-penetrating 
behaviour at diagnosis of Crohn's disease in Örebro, Sweden: a population-based 
retrospective study. J Crohns Colitis, 2014. 8(12): p. 1653. 

87. Lophaven, S.N., E. Lynge, and J. Burisch, The incidence of inflammatory bowel 
disease in Denmark 1980-2013: a nationwide cohort study. Aliment Pharmacol 
Ther, 2017. 5: p. 961-972.  

88. Jussila, A., et al., Increasing incidence of inflammatory bowel diseases between 
2000 and 2007: a nationwide register study in Finland. Inflamm Bowel Dis, 2012. 
18(3): p. 555-61. 

89. Lirhus, S.S., et al., Incidence and Prevalence of Inflammatory Bowel Disease in 
Norway and the Impact of Different Case Definitions: A Nationwide Registry Study. 
Clin Epidemiol, 2021. 13: p. 287-294. 

90. Larson, D.W. and J.H. Pemberton, Current concepts and controversies in surgery 
for IBD. Gastroenterology : official journal of the American Gastroenterologic 
Association., 2004. 126(6): p. 1611-1619. 

91. Targan, S.R., et al., A short-term study of chimeric monoclonal antibody cA2 to 
tumor necrosis factor alpha for Crohn's disease. Crohn's Disease cA2 Study Group. 
N Engl J Med, 1997. 337(15): p. 1029-35. 

92. Colombel, J.F., et al., Long-term safety of adalimumab in clinical trials in adult 
patients with Crohn's disease or ulcerative colitis. Aliment Pharmacol Ther, 2018. 
47(2): p. 219-228. 

93. Rutgeerts, P., et al., Efficacy and safety of retreatment with anti-tumor necrosis 
factor antibody (infliximab) to maintain remission in Crohn's disease. 
Gastroenterology, 1999. 117(4): p. 761-9. 

94. Hanauer, S.B., et al., Maintenance infliximab for Crohn's disease: the ACCENT I 
randomised trial. Lancet, 2002. 359(9317): p. 1541-9. 

95. Khanna, R., et al., Early combined immunosuppression for the management of 
Crohn's disease (REACT): a cluster randomised controlled trial. Lancet, 2015. 386: 
p. 1825-34. 

96. Ben-Horin, S., U. Kopylov, and Y. Chowers, Optimizing anti-TNF treatments in 
inflammatory bowel disease. Autoimmun Rev, 2014. 13(1): p. 24-30. 

97. Allez, M., et al., Report of the ECCO pathogenesis workshop on anti-TNF therapy 
failures in inflammatory bowel diseases: definitions, frequency and 
pharmacological aspects. J Crohns Colitis, 2010. 4(4): p. 355-66. 



 

 40 

98. Papamichael, K., et al., Role for therapeutic drug monitoring during induction 
therapy with TNF antagonists in IBD: evolution in the definition and management 
of primary nonresponse. Inflamm Bowel Dis, 2015. 21(1): p. 182-97. 

99. Ding, N.S., A. Hart, and P. De Cruz, Systematic review: predicting and optimising 
response to anti-TNF therapy in Crohn's disease - algorithm for practical 
management. Aliment Pharmacol Ther, 2016. 43(1): p. 30-51. 

100. Gisbert, J.P. and J. Panes, Loss of response and requirement of infliximab dose 
intensification in Crohn's disease: a review. Am J Gastroenterol, 2009. 104(3): p. 
760-7. 

101. Sandborn, W.J., et al., Vedolizumab as induction and maintenance therapy for 
Crohn's disease. N Engl J Med, 2013. 369(8): p. 711-21. 

102. Feagan, B.G., et al., Vedolizumab as induction and maintenance therapy for 
ulcerative colitis. N Engl J Med, 2013. 369(8): p. 699-710. 

103. Hanauer, S.B., et al., IM-UNITI: 3 Year Efficacy, Safety, and Immunogenicity of 
Ustekinumab Treatment of Crohn's Disease. J Crohns Colitis, 2019. 14(1):p.23-32. 

104. Feagan, B.G., et al., Ustekinumab as Induction and Maintenance Therapy for 
Crohn’s Disease. N Engl J Med, 2016. 375(20): p. 1946-1960. 

105. Sandborn, W.J., et al., Long-term efficacy and safety of ustekinumab for Crohn's 
disease through the second year of therapy. Aliment Pharmacol Ther, 2018. 48(1): 
p. 65-77. 

106. Sandborn, W.J., et al., A randomized trial of Ustekinumab, a human interleukin-
12/23 monoclonal antibody, in patients with moderate-to-severe Crohn's disease. 
Gastroenterology, 2008. 135(4): p. 1130-41. 

107. Sandborn, W.J., C. Su, and J. Panes, Tofacitinib as Induction and Maintenance 
Therapy for Ulcerative Colitis. N Engl J Med, 2017. 377(5): p. 496-7. 

108. Sandborn, W.J., et al., Safety and efficacy of tofacitinib for treatment of ulcerative 
colitis: final analysis of OCTAVE Open, an open-label, long-term extension study 
with up to 7.0 years of treatment. Aliment Pharmacol Ther, 2021. 
DOI:10.1111/apt16712 (Online ahead of print) 

109. (Läkemedelsverket), S.M.P.A., Läkemedelsbehandling vid inflammatorisk 
tarmsjukdom – ny rekommendation. Information från Läkemedelsverket. 2012:232. 
2012, Swedish Medical Products Agency (Läkemedelsverket): 
www.lakemedelsverket.se 

110. SGF, SGF Nationella riktlinjer: Användning av infliximab-biosimilarer vid 
inflammatorisk tarmsjukdom, 2015-08-31 [Swedish Gastroenterology Association: 
Guidelines for the use of infliximab biosimilars in inflammatory bowel disease]. 
2015. 

111. Feagan, B.G., et al., Ustekinumab as Induction and Maintenance Therapy for 
Crohn's Disease. N Engl J Med, 2016. 375(20): p. 1946-1960. 

112. Sands, B.E., et al., Ustekinumab as Induction and Maintenance Therapy for 
Ulcerative Colitis. N Engl J Med, 2019. 381(13): p. 1201-1214. 

113. Eberl, A., et al., Ustekinumab for Crohn's disease: a nationwide real-life cohort 
study from Finland (FINUSTE). Scand J Gastroenterol, 2019: p. 1-8. 

114. Biemans, V.B.C., et al., Ustekinumab for Crohn's Disease: Results of the ICC 
Registry, a Nationwide Prospective Observational Cohort Study. J Crohns Colitis, 
2020. 14(1): p. 33-45. 

115. Iborra, M., et al., Real-world short-term effectiveness of ustekinumab in 305 patients 
with Crohn's disease: results from the ENEIDA registry. Aliment Pharmacol Ther, 
2019. 50(3): p. 278-288. 

116. Rullan, M., et al., Ustekinumab induction effectiveness in Crohn's disease in a real-
life cohort. J Crohns Colitis, 2019. 13: p. S453-S454. 



 

  41 

117. Kopylov, U., et al., Subcutaneous ustekinumab for the treatment of anti-TNF 
resistant Crohn's disease--the McGill experience. J Crohns Colitis, 2014. 8(11): p. 
1516-22. 

118. Khorrami, S., et al., Ustekinumab for the Treatment of Refractory Crohn's Disease: 
The Spanish Experience in a Large Multicentre Open-label Cohort. Inflamm Bowel 
Dis, 2016. 22(7): p. 1662-9. 

119. Bokemeyer, B., et al., Effectiveness and quality of life (QoL) of Ustekinumab (UST) 
therapy in a Real-world Setting in Germany - First Results of the RUN-CD Study. J 
Crohns Colitis, 2019. 13: p. S486-S486. 

120. Straatmijer, T., et al., Ustekinumab for Crohn's Disease: Two-Year Results of the 
Initiative on Crohn and Colitis (ICC) Registry, a Nationwide Prospective 
Observational Cohort Study. J Crohns Colitis, 2021. 15(11): p. 1920-1930. 

121. Ma, C., et al., Long-term Maintenance of Clinical, Endoscopic, and Radiographic 
Response to Ustekinumab in Moderate-to-Severe Crohn's Disease: Real-world 
Experience from a Multicenter Cohort Study. Inflamm Bowel Dis, 2017. 23(5): p. 
833-839. 

122. Liefferinckx, C., et al., Long-term clinical effectiveness of ustekinumab in patients 
with Crohn's disease who failed biological therapies: a national cohort study. J 
Crohns Colitis, 2019. 13(11): p. 1401-1409. 

123. Wils, P., et al., Long-term efficacy and safety of ustekinumab in 122 refractory 
Crohn's disease patients: a multicentre experience. Aliment Pharmacol Ther, 2018. 
47(5): p. 588-595. 

124. Truelove, S.C. and L.J. Witts, Cortisone in ulcerative colitis; final report on a 
therapeutic trial. British medical journal, 1955. 2(4947): p. 1041-1048. 

125. Parks, A.G., R.J. Nicholls, and P. Belliveau, Proctocolectomy with ileal reservoir 
and anal anastomosis. Br J Surg, 1980. 67(8): p. 533-8. 

126. Oresland, T. and A.E. Faerden, Surgery in the age of biological treatment. Scand J 
Gastroenterol, 2015. 50(1): p. 121-7. 

127. Maggiori, L. and Y. Panis, Surgical management of IBD—from an open to a 
laparoscopic approach. Nature reviews., 2013. 10(5): p. 297-306. 

128. Adamina, M., et al., ECCO Guidelines on Therapeutics in Crohn's Disease: 
Surgical Treatment. J Crohns Colitis, 2020. 14(2): p. 155-168. 

129. Lee, E.C. and N. Papaioannou, Minimal surgery for chronic obstruction in patients 
with extensive or universal Crohn's disease. Ann R Coll Surg Engl, 1982. 64(4): p. 
229-33. 

130. Andersson, P., et al., Segmental resection or subtotal colectomy in Crohn's colitis? 
Dis Colon Rectum, 2002. 45(1): p. 47-53. 

131. Oresland, T., et al., European evidence based consensus on surgery for ulcerative 
colitis. J Crohns Colitis, 2015. 9(1): p. 4-25. 

132. Bernstein, C.N., et al., World Gastroenterology Organization Practice Guidelines 
for the diagnosis and management of IBD in 2010. Inflamm Bowel Dis, 2010. 
16(1): p. 112-124. 

133. Myrelid, P. and T. Oresland, A reappraisal of the ileo-rectal anastomosis in 
ulcerative colitis. J Crohns Colitis, 2015. 9(6): p. 433-8. 

134. Bernell, O., A. Lapidus, and G. Hellers, Risk factors for surgery and postoperative 
recurrence in Crohn's disease. Annals of surgery : a monthly review of surgical 
science and practice, 2000. 231(1): p. 38-45. 

135. Ma, C., et al., Surgical Rates for Crohn's Disease are Decreasing: A Population-
Based Time Trend Analysis and Validation Study. Am J Gastroenterol, 2017. 
112(12): p. 1840-1848. 



 

 42 

136. Frolkis, A.D., et al., Risk of surgery for inflammatory bowel diseases has decreased 
over time: a systematic review and meta-analysis of population-based studies. 
Gastroenterology, 2013. 145(5): p. 996-1006. 

137. Frolkis, A.D., et al., Cumulative incidence of second intestinal resection in Crohn's 
disease: a systematic review and meta-analysis of population-based studies. Am J 
Gastroenterol, 2014. 109(11): p. 1739-48. 

138. Everhov, A.H., et al., Incidence and Treatment of Patients Diagnosed With 
Inflammatory Bowel Diseases at 60 Years or Older in Sweden. Gastroenterology, 
2017. 154: p. 518-28. 

139. Nordenvall, C., et al., Surgical Treatment in Childhood-onset Inflammatory Bowel 
Disease-A Nationwide Register-based Study of 4695 Incident Patients in Sweden 
2002-2014. J Crohns Colitis, 2018. 12(2): p. 157-166. 

140. Kalman, T.D., et al., Decrease in primary but not in secondary abdominal surgery 
for Crohn's disease: nationwide cohort study, 1990-2014. Br J Surg, 2020. 107(11): 
p. 1529-1538. 

141. Bengtsson, J., et al., Long-term function and manovolumetric characteristics after 
ileal pouch-anal anastomosis for ulcerative colitis. Br J Surg, 2007. 94(3): p. 327-
332. 

142. Wright, E.K., et al., Effect of Intestinal Resection on Quality of Life in Crohn's 
Disease. J Crohns Colitis, 2015. 9(6): p. 452-462. 

143. Meijs, S., et al., Health-related quality of life and disability in patients with 
ulcerative colitis and proctocolectomy with ileoanal pouch versus treatment with 
anti-TNF agents. J Crohns Colitis, 2014. 8(7): p. 686-92. 

144. Beaugerie, L. and S.H. Itzkowitz, Cancers complicating inflammatory bowel 
disease. N Engl J Med, 2015. 372(15): p. 1441-52. 

145. Gallo, G., P.G. Kotze, and A. Spinelli, Surgery in ulcerative colitis: When? How? 
Best Practice & Research Clinical Gastroenterology, 2018. 32-33: p. 71-78. 

146. Stevens, T.W., et al., Laparoscopic ileocaecal resection versus infliximab for 
terminal ileitis in Crohn's disease: retrospective long-term follow-up of the LIR!C 
trial. Lancet Gastroenterol Hepatol, 2020. 5(10): p. 900-907. 

147. Ponsioen, C.Y., et al., Laparoscopic ileocaecal resection versus infliximab for 
terminal ileitis in Crohn's disease: a randomised controlled, open-label, multicentre 
trial. Lancet Gastroenterol Hepatol, 2017. 2(11): p. 785-792. 

148. Narula, N., et al., Enteral nutritional therapy for induction of remission in Crohn's 
disease. Cochrane Database Syst Rev, 2018. 4: p. 542. 

149. Ludvigsson, J.F., et al., Elemental versus polymeric enteral nutrition in paediatric 
Crohn’s disease: a multi-centre randomised controlled trial. Acta Paediatr, 2004. 
93: p. 327-35. 

150. Ananthakrishnan, A.N., et al., A Prospective Study of Long-term Intake of Dietary 
Fiber and Risk of Crohn's Disease and Ulcerative Colitis. Gastroenterology, 2013. 
145(5): p. 970-977. 

151. Ananthakrishnan, A.N., et al., Intake of Dietary Fat and Risk of Crohn's Disease 
and Ulcerative Colitis Among Women. Gastroenterology, 2013. 144(5): p. S643-
S643. 

152. The Role of Diet in Inflammatory Bowel Disease. Current gastroenterology reports., 
2017. 19(5). 

153. Hou, J.K., D. Lee, and J. Lewis, Diet and inflammatory bowel disease: review of 
patient-targeted recommendations. Clinical gastroenterology and hepatology, 2014. 
12(10): p. 1592-1600. 

154. Eom, T., et al., Current understanding of microbiota- and dietary-therapies for 
treating inflammatory bowel disease. The journal of microbiology, 2018. 56(3): p. 
189-198. 



 

  43 

155. Mishima, Y. and R.B. Sartor, Manipulating resident microbiota to enhance 
regulatory immune function to treat inflammatory bowel diseases. Journal of 
gastroenterology, 2019. 55: p. 4-14. 

156. Kellermayer, R., Fecal microbiota transplantation: great potential with many 
challenges. Translational gastroenterology and hepatology., 2019. 4: p. 40. 

157. Paramsothy, S., et al., Faecal Microbiota Transplantation for Inflammatory Bowel 
Disease: A Systematic Review and Meta-analysis. J Crohns Colitis, 2017. 11(10): p. 
1180-1199. 

158. Ludvigsson, J.F., et al., The Swedish personal identity number: possibilities and 
pitfalls in healthcare and medical research. Eur J Epidemiol, 2009. 24(11): p. 659-
67. 

159. Ludvigsson, J.F., et al., External review and validation of the Swedish national 
inpatient register. BMC Public Health, 2011. 11(1): p. 450. 

160. Personal communication with Klerdal K, A.J., Mandatory registration of surgical 
procedure codes in the Swedish National Patient Register, National Board of Health 
and Welfare, 14 August, 2019. 

161. Smedby, B. and G. Schiøler, Health Classifications in the Nordic Countries. 
Historic development in a national and international perspective 2006, N.M.-
S.C.N. 76, Editor. 2006, Nordisk Medicinalstatistisk Komite: Copenhagen. 

162. Socialstyrelsen. Klassifikation av Vårdåtgärder [KVÅ-2015].  [cited 2016 
November 21]; Available from: 
http://www.socialstyrelsen.se/klassificeringochkoder/atgardskoderkva  

163. Ludvigsson, J.F., et al., Swedish Inflammatory Bowel Disease Register (SWIBREG) 
- a nationwide quality register. Scand J Gastroenterol, 2019. 54(9): p. 1089-1101. 

164. Jakobsson, G.L., et al., Validating inflammatory bowel disease (IBD) in the Swedish 
National Patient Register and the Swedish Quality Register for IBD (SWIBREG). 
Scand J Gastroenterol, 2017. 52(2): p. 216-221. 

165. Ludvigsson, J.F. and M. Lashkariani, Cohort profile: ESPRESSO (Epidemiology 
Strengthened by histoPathology Reports in Sweden). Clin Epidemiol, 2019. 11: p. 
101-114. 

166. World Medical, A., World Medical Association Declaration of Helsinki: ethical 
principles for medical research involving human subjects. JAMA, 2013. 310(20): p. 
2191-4. 

167. Ludvigsson, J.F., et al., Ethical aspects of registry-based research in the Nordic 
countries. Clin Epidemiol, 2015. 7: p. 491-508. 

168. 2003:460 Ethical Review Act (Etikprövningslagen). 2003. 
169. Maaser, C., et al., ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 

1: Initial diagnosis, monitoring of known IBD, detection of complications. J Crohns 
Colitis, 2019. 13(2): p. 144-164. 

170. Walmsley, R.S., et al., A simple clinical colitis activity index. Gut., 1998. 43(1): p. 
29-32. 

171. D'Haens, G., et al., A review of activity indices and efficacy end points for clinical 
trials of medical therapy in adults with ulcerative colitis. Gastroenterology, 2007. 
132(2): p. 763-86. 

172. Schroeder, K.W., W.J. Tremaine, and D.M. Ilstrup, Coated oral 5-aminosalicylic 
acid therapy for mildly to moderately active ulcerative colitis. A randomized study. 
N Engl J Med, 1987. 317(26): p. 1625-1629. 

173. Harvey, R.F. and J.M. Bradshaw, A simple index of Crohn's-disease activity. 
Lancet, 1980. 1(8167): p. 514. 

174. Falvey, J.D., et al., Disease activity assessment in IBD: clinical indices and 
biomarkers fail to predict endoscopic remission. Inflamm Bowel Dis, 2015. 21(4): 
p. 824-31. 



 

 44 

175. Zhulina, Y., et al., The prognostic significance of faecal calprotectin in patients 
with inactive inflammatory bowel disease. Aliment Pharmacol Ther, 2016. 44(5): p. 
495-504. 

176. Mumolo, M.G., et al., From bench to bedside: Fecal calprotectin in inflammatory 
bowel diseases clinical setting. World J Gastroenterol, 2018. 24(33): p. 3681-3694. 

177. Stjernman, H., et al., Short health scale: a valid, reliable, and responsive instrument 
for subjective health assessment in Crohn's disease. Inflamm Bowel Dis, 2008. 
14(1): p. 47-52. 

178. Hjortswang, H., et al., The Short Health Scale: a valid measure of subjective health 
in ulcerative colitis. Scand J Gastroenterol, 2006. 41(10): p. 1196-203. 

179. EuroQol., A new facility for the management of health-related quality of life. Health 
Policy, 1990. 16(1990): p. 199-208. 

180. Stark, R.G., et al., Validity, reliability, and responsiveness of the EQ-5D in 
inflammatory bowel disease in Germany. Inflamm Bowel Dis, 2010. 16(1): p. 42-
51. 

181. Xiao, Y.L. and M. Abrahamowicz, Bootstrap-based methods for estimating 
standard errors in Cox's regression analyses of clustered event times. Statistics in 
Medicine, 2010. 29(7-8): p. 915-923. 

182. Ren, S.Q., et al., Nonparametric bootstrapping for hierarchical data. Journal of 
Applied Statistics, 2010. 37(9): p. 1487-1498. 

183. Kleinbaum, D.G., M. Klein, and E.R. Pryor, Logistic regression : a self-learning 
text. 3rd ed. Statistics in the health sciences. 2010, New York: Springer. xvii, 701 p. 

184. Cameron, A.C. and P.K. Trivedi, Regression analysis of count data. Second edition. 
ed. Econometric society monographs. 2013, Cambridge ; New York, NY: 
Cambridge University Press. xxvii, 566 pages. 

185. Elandt-Johnson, R.C. and N.L. Johnson, Survival models and data analysis. Wiley 
series in probability and mathematical statistics. 1980, New York: Wiley. xvi, 457 
p. 

186. Fletcher, R.H., S.W. Fletcher, and G.S. Fletcher, Clinical epidemiology : the 
essentials. 5th ed. 2014, Philadelphia: Wolters Kluwer/Lippincott Williams & 
Wilkins Health. 253 p. 

187. Everhov, A.H., et al., Changes in inflammatory bowel disease subtype during 
follow-up and over time in 44,302 patients. Scand J Gastroenterol, 2019. 54(1): p. 
55-63. 

188. Segerman, F., S. Clarkson, and K. Sjoberg, Marked regional variations in the 
prevalence of inflammatory bowel disease in a limited geographical region are not 
associated with compounds in the drinking water. Scand J Gastroenterol, 2019. 
54(10): p. 1250-1260. 

189. Lagergren, K. and M. Derogar, Validation of oesophageal cancer surgery data in 
the Swedish Patient Registry. Acta oncologica., 2012. 51(1): p. 65-68. 

190. Tao, W., et al., Validation of Obesity Surgery Data in the Swedish National Patient 
Registry and Scandinavian Obesity Registry (SOReg). Obesity surgery, 2016. 26(8): 
p. 1750-1756. 

191. Falkeborn, M., et al., Validity of information on gynecological operations in the 
Swedish in-patient registry. Scand J Soc Med, 1995. 23(3): p. 220-4. 

192. Straatmijer, T., et al., Ustekinuma b for Crohn's Disease: Two-Year Results of the 
Initiative on Crohn and Colitis (ICC) Registry, a Nationwide Prospective 
Observational Cohort Study. J Crohns Colitis, 2021. 15(11): p. 1920-1930. 

193. Sands, B.E., et al., The Effects of Ustekinumab on Health-related Quality of Life in 
Patients With Moderate to Severe Crohn's Disease. J Crohns Colitis, 2018. 12(8): p. 
883-895. 



 

  45 

194. Calvino-Suarez, C., et al., Role of Quality of Life as Endpoint for Inflammatory 
Bowel Disease Treatment. Int J Environ Res Public Health, 2021. 18(13). 

195. Almradi, A., et al., Clinical, endoscopic and safety placebo rates in induction and 
maintenance trials of Crohn's disease: Meta-analysis of Randomised controlled 
trials. J Crohns Colitis, 2021. p. 1-18. 

196. Lapidus, A., et al., Incidence of Crohn's disease in Stockholm County 1955-1989. 
Gut, 1997. 41(4): p. 480-6. 

197. Sjöberg, D., et al., Incidence and clinical course of Crohn's disease during the first 
year - results from the IBD Cohort of the Uppsala Region (ICURE) of Sweden 
2005-2009. J Crohns Colitis, 2014. 8(3): p. 215-222. 

198. Kaplan, G.G., The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol 
Hepatol, 2015. 12(12): p. 720-7. 

 

 


