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Popular science summary of the thesis 
Ulcerative colitis (UC) and Crohn's disease (CD) are the two most prevalent forms of 

chronic inflammatory bowel disease (IBD). In Sweden, the prevalence of IBD is 0.65%, 
and it is increasing. This disease can result in intestinal strictures, significantly impaired 

bowel function, cancer and premature death. Early detection and optimized treatment 

can decrease the need for major surgery and related complications. However, there are 
no reliable markers for detecting IBD or evaluating treatment outcomes. 

The cause of IBD is not yet fully understood, but research suggests that lifestyle and 

environmental factors may disrupt the bacterial flora in the colon. This, in turn, can lead 
to inflammation resulting from the body's immune response to the intestinal bacterial 

flora. Bile acids (BA) and short chain fatty acids (SCFA) are found in both the 
gastrointestinal tract and blood and have been associated with various bacteria and 

colon inflammation. These substances could potentially serve as biomarkers for IBD. 

Various surgical procedures have been linked to both new-onset IBD and disease 
severity. However, further epidemiological studies are needed to map the associations 

between surgical procedures and subsequent IBD development. Such studies would 
provide valuable insights into the study of gut dysbiosis. 

The aim of this thesis was to investigate the relationship between appendectomy and 

bariatric surgery and later development of IBD, as well as to identify potential 
biomarkers for IBD. 

In Paper I, we investigated the association between juvenile appendicitis, treated with 
appendectomy or conservatively treated without surgery, and adult risk of IBD. We 

found that childhood appendicitis with appendectomy was associated with lower risk of 

adult UC and CD, whereas conservative treatment was associated with lower risk of 
adult UC only. 

In Paper II, we investigated the association between bariatric surgery and new onset of 
IBD. We found that individuals operated on with “gastric bypass” had an increased risk 

of later development of CD whereas individuals who underwent “gastric sleeve” had an 

increased risk of UC. 

In Paper III, the aim was to analyse plasma concentrations of SCFA in relation to IBD and 

to evaluate SCFA as a potential biomarker for disease. We found that CD and UC were 

not associated with alterations in plasma SCFA concentration.  

In Paper IV, we aimed to assess alterations of plasma BA profiles in association to CD. 

We found that the immune dysfunction in CD may be associated with altered bile acid 
composition in blood plasma. 





 

 

Abstract 
Inflammatory bowel disease (IBD) is a chronic and idiopathic disorder that causes 

inflammation in the gastrointestinal tract. Overall, it can be classified into two types: 
ulcerative colitis (UC) and Crohn's disease (CD). The causes of IBD have been 

extensively studied, with heredity, lifestyle, and environmental factors being identified as 

possible contributors. These factors can trigger an imbalance in the bacterial flora in the 
colon, which is increasingly thought to play a crucial role in the development of IBD. As 

dysbiosis in the gut microbiota has been frequently reported in inflammatory bowel 

disease, it has been proposed that both UC and CD may be caused by an auto-immune 
response to gut bacteria in genetically susceptible individuals. However, the exact 

aetiology of these diseases is still largely unknown. The aim of this thesis was to 
investigate epidemiological aspects of surgical abdominal procedures and possible 

biochemical markers associated with gut microbiota, in relation to IBD.  

In Paper I, we investigated the association between juvenile appendicitis, treated with 
appendectomy or conservatively treated without surgery, and adult risk of IBD. This, 

nation-wide, population-based retrospective cohort study, based on Swedish national 
registers, included all individuals with a diagnosed appendicitis before the age of 16, 

during the time-period 1973-1996, and matched controls. The study population was 

followed until 2017 for any development of UC and CD. We found that childhood 
appendicitis with appendectomy was associated with lower risk of UC (aHR 0.30 95% CI 

0.25-0.36) and CD (aHR 0.82 95% CI 0.68-0.97), whereas conservative treatment was 
associated with lower risk of adult UC (aHR 0.29 95% CI 0.12-0.69), only, compared to 

unexposed individuals. Our findings warrant further research of the appendix in relation 

to gut microbiota and IBD pathogenesis. 

In Paper II, we investigated the association between bariatric surgery and new onset of 

IBD. This population-based retrospective cohort study included Swedish individuals 
registered in the Scandinavian Obesity Surgery Registry who underwent primary Roux-

en-Y gastric bypass (RYGB) or sleeve gastrectomy (SG) during 2007 – 2018 and 

matched controls. The study population was followed up until 2019 to determine the 
development of CD and UC. We found that individuals operated on with RYGB had an 

increased risk of later development of CD (HR 1.8 95% CI 1.5 - 2.2) whereas individuals 

who underwent SG had an increased risk of UC (HR 1.8 95% CI 1.1-3.1). The findings should 
encourage further studies on surgical procedures for obesity and their effect on gut 

microbiota and development of IBD. 

In Paper III, the aim was to analyse plasma concentrations of short chain fatty acids 

(SCFA) in relation to CD and UC and to evaluate SCFA as a potential biomarker for IBD. 

This cross-sectional study included 132 and 119 individuals with CD and UC respectively 



and 205 controls. Although we found lower plasma concentrations of succinic acid 
among individuals with CD and UC in comparison to controls in univariate analysis, the 

difference did not remain after adjusting for sex, age and dietary factors. For all other 

SCFA, no differences could be found between the groups. In conclusion, CD and UC 
were not associated with alterations in plasma SCFA concentration.  

In Paper IV, we aimed to assess alterations of plasma bile acid (BA) profiles in 
association to CD. This cross-sectional study included 88 individuals with CD and 88 

controls. CD was found to be associated with lower concentrations of most secondary 

BA, particularly derivatives of deoxycholic acid and lithocholic acid. Moreover, plasma 
concentration of secondary BA among participants with active CD was lower in 

comparison to participants with CD in remission. We concluded that the immune 

dysfunction in CD may be associated with altered bile acid composition in blood 
plasma.  
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1 Introduction 
Inflammatory bowel disease (IBD) is a chronic idiopathic disorder that causes 
inflammation in the gastrointestinal tract and is roughly divided into ulcerative colitis 

(UC) and Crohn’s disease (CD) 1-3. The prevalence of IBD in Sweden is 0.65% 4, and there 
has been an observed increase in incidence in industrialized countries during the 

second half of the 20th century 5. Both heredity and lifestyle factors such as smoking 

habits, diet, antibiotic use and hygiene have been studied as in relation to both UC and 
CD. However, they cannot fully explain the majority of the disease burden. As a result, 

the primary causes of IBD remain unclear 5. 

The human gut hosts approximately 1000 different bacterial species 6 of which 

approximately 70% of all bacteria are located in the colon. Studies have shown that in 

addition to aiding in the breakdown of starch, bacteria can also synthesize amino acids 
and vitamins, as well as metabolize drugs 7. Recent evidence suggests that bacteria 

engage in a process known as "cross-talk" with cells from different organs through 
microbial metabolites, influencing the metabolic, immunological, and neurological 

systems 8. As a result, intestinal bacteria may play a significant role in the causal chain of 

various diseases, which explains the growing global interest and research into the 
microbial environment in the colon, particularly in relation to bowel disease 9.  

Several studies have observed changes in the gut microbial composition in individuals 

with IBD 10. While clear evidence of causality is lacking, the most widely accepted 
hypothesis regarding the aetiology of UC and CD is that both diseases are caused by an 

autoimmune response to a subset of commensal gut bacteria in genetically susceptible 
hosts 11. Heredity, lifestyle and environmental factors but also surgical removal of bodily 

organs have been studied as causes of IBD. These factors can disrupt the natural 

balance of bacteria in the colon, which is believed to play a crucial role in the 
development of the disease. However, the available evidence on this topic is limited, and 

further studies are necessary to advance our understanding of IBD.  

The objective of this thesis is to explore possible epidemiological links between surgical 

procedures that may affect colonic bacterial diversity which could increase the risk of 

development of IBD. Additionally, the thesis aims to determine whether bacterial 
compositions specific to inflammation can be identified through variations in short-

chain fatty acids and bile acids, as inflammatory biomarkers in plasma. 

Timely treatment and close monitoring of IBD can improve patient outcomes, potentially 

reducing the need for major surgery. This approach could lead to significant gains in 

survival rates, lower healthcare costs, and alleviate suffering and morbidity for a large 
patient population. 
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2 Literature review 

2.1 Inflammatory bowel disease 

2.1.1 Epidemiology 

Inflammatory bowel disease (IBD) is a chronic disorder of unknown origin that results in 
inflammation of the gastrointestinal (GI) tract. It is classified into two main types: 

ulcerative colitis (UC) and Crohn's disease (CD) 1-3. In cases where there are indications 
of chronic colitis but the clinical, pathological and endoscopic features are insufficient 

to differentiate between UC and CD, the condition is referred to as inflammatory bowel 

disease-unclassified (IBD-U) 12. Due to the complex nature of the disease, IBD patients 
may experience changes in symptoms and may transition between different disease 

entities as the condition progresses 13. The prevalence of IBD overall, UC and CD in 
Sweden is 0.65%, 0.35% and 0.19% 4. IBD is a severe chronic condition, which requires 

lifelong monitoring and symptomatic treatment for more than 2.5 million patients in 

Europe 5. There was a rise in the incidence of IBD industrialized countries during the 
second half of 20th century 5. Today, the incidence of IBD have stabilized, and even 

decreased 14 in regions with historically high incidence rates, such as North America and 
northern Europe. However, in newly industrialized areas and regions with previous low 

incidence rates such as South America, Asia, and Africa, the incidence of IBD continues 

to increase 1. Thus, the rise in incidence and prevalence shown in newly industrialized 
countries mirrors the changes seen in the western world during the 20th century under 

rapid socioeconomic development 15. 

 

Figure 1: The global prevalence of IBD in 2015. Reproduced with permission from Springer Nature5. 
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2.1.2 Aetiology 

The aetiology of UC and CD is still largely unknown, but according to one widely 

accepted hypothesis, both diseases are caused by an autoimmune response to a 
subset of commensal gut bacteria in individuals who are genetically susceptible 11. In 

addition, there are several environmental risk factors that have been associated with 

both CD and UC although a definitive causal relationship has not been established 16-19. 
These factors include cigarette smoking 20, 21, appendectomy 22-25, vitamin-D deficiency 
26, tonsillectomy 27, 28, antibiotic exposure 29, 30, oral contraceptive use 31-33, urban living, 
consumption of soft drinks, physical activity, breastfeeding, tea consumption, diet, 

stress, depression and Helicobacter pylori infection 17, 19. 

Genetic factors are also widely studied, where 163 loci have been associated with CD 
and UC 34, 35. Strongest associations are found in genes involved in the immune (NOD2) 

and inflammatory response (IL23R) to bacteria, including autophagy (ATG16L1) 34, 36, 37. 
However, despite extensive genetic research indicating a genetic link, this has not been 

verified in twin studies and IBD patients seldom report family history of UC or CD 38.  

All lifestyle, and environmental factors, including surgical removal of bodily organs, can 
cause a disturbance in the bacterial flora of the colon, which is increasingly believed to 

play a crucial role in the development of IBD. The inflammation appears to be a result of 
an inadequate immune response to the gut flora in individuals who are genetically 

predisposed to developing the disease, but the causal relationships are still unclear. 

In summary the aetiology of IBD seems to be multifactorial where environmental factors, 
genetic factors and gut microbiota all contribute to the development of the disease. 

2.1.3 Treatment of IBD 

Both UC and CD can lead to strictures in the intestine, severely impaired intestinal 

function, and cancer. IBD can be treated with medications, surgery, or a combination of 
both. The goal of medical treatment is to reduce inflammation, alleviate symptoms, and 

prevent complications 39-42. The specific treatment approach will depend on the type 

and severity of the disease. Medications are often the first line of treatment for IBD. 
Commonly used medications for IBD include: Aminosalicylates (5-ASAs), 

Corticosteroids, Immunomodulators, Biologics and Antibiotics39, 40. 

In cases where medications are not effective, surgery may be necessary. In both UC and 

CD, surgery can involve the removal of part or all of the colon and/or rectum. This can be 

curative for UC but not for CD. In CD, small bowel surgery is often needed. For IBD in 
general, surgery can also be used to treat complications, such as abscesses or 

strictures41, 42. However, there are major risks with surgery and there is hope that new 

modern drugs will reduce the percentage of patients who undergo surgery. 
Nevertheless, despite the rapid development of biological drugs in the past decade, the 
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10-year rate of surgery after CD and UC diagnosis is 47% and 16% respectively and often 
involves multiple procedures 43.  

Early medical treatment and monitoring of treatment outcomes are important to reduce 

the risk of major surgery 44. Targeted medical treatment is recommended for IBD, which 
means there is a great need to monitor the disease to ensure that the goals are being 

achieved. However, currently, there are only non-specific markers to track inflammation. 
C-reactive protein (CRP) is elevated in all types of inflammation and infections in the 

body, and Calprotectin in faeces (a substance from granulocyte cytoplasm) is not only 

elevated in IBD but also in other types of inflammation and cancer 44. Therefore, there is 
a great need to find better markers to better optimize the treatment of IBD. 

If the bacterial composition is found to be specific for IBD and if this can be detected 

through biomarkers in plasma, IBD can be detected earlier, and the disease can be 
better monitored during treatment. Early treatment and monitoring to optimize 

treatment can reduce the risk of the need for major surgery, which would mean 
significant survival gains, significantly reduce healthcare costs, and reduce suffering and 

morbidity for a large patient group. 

 

2.2 Surgical procedures and risk for later development of IBD 

Several surgical procedures have been associated with both new onset of IBD and 
severity of disease. Although the evidence is sparse, appendectomies 22-25, 

tonsillectomies 27, 28 and bariatric surgery 45, 46 have been associated with increased or 

decreased risk of IBD. Even if the reason for this association remains unclear, there is a 
compelling need to investigate whether the alteration of gut bacterial flora subsequent 

to these surgical procedures could be a risk factor for the development of IBD. By 

performing additional epidemiological studies to further map the associations between 
surgical procedures and subsequent IBD development, valuable insights can be 

obtained for the study of gut dysbiosis. 

2.2.1 Appendectomy 

The vermiform appendix has been suggested to play a role associated with IBD 22-25, 47, 48. 
Since the first report in 1987 showing that fewer UC patients had a previous history of 

appendectomy, compared to non-UC controls 49, several studies have confirmed the 
negative association between appendectomy and UC 50. Over the last two decades two 

large cohort studies both reported a negative association between appendectomy due 

to appendicitis or lymphadenitis, before the age of 20, and subsequent development of 
UC 22, 25. 
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With regards to CD, several smaller studies have shown inconsistent association with 
appendectomy, both positive 51, 52, negative 47 and no association at all 48. However, two 

large registry-based cohort studies from Sweden and Denmark found an increased, 

transient 24 versus long-term 23, risk of CD after appendectomy. In addition, a meta-
analysis investigating the relationship between appendectomy and the risk of 

developing CD found that the risk was increased for up to 5 years after surgery, but 
returned to baseline levels after that period 53. The authors argue that the transient 

increased risk could reflect diagnostic difficulties in individuals with incipient CD 53. 

Appendectomy has also been shown to affect the severity of UC 54. Appendectomy for 
appendicitis before the age of 20 and before UC diagnosis is associated with milder 

severity of disease and lower risk of subsequent colectomy, whereas appendectomy for 

appendicitis after the age of 20 in established UC is associated with worse severity of 
disease and higher risk of subsequent colectomy 54. Furthermore, undergoing an 

appendectomy prior to an IBD diagnosis has been linked to a delayed onset of both UC 
and CD when compared to controls 47.  

Although attempts have been made to investigate the relationship between 

appendectomy and the risk of developing IBD, the outcomes of these studies have 
varied. Further studies are needed, particularly those that include individuals with 

appendicitis who have not undergone surgery, in order to better elucidate the 
associations.  

2.2.1.1 Appendix vermiformis and bacteria 

"Appendix vermiformis" has long been regarded as a vestigial organ that can be removed 

without negative medical consequences. However, new research indicates that the 

appendix has several important immunological functions 55 and also serves as a 
reservoir for gut bacteria that can restore the gut flora in the colon if it has been 

affected by, for example, antibiotic treatment 56. Approximately 8% of the world's 
population, usually at a young age, undergoes removal of the appendix (appendectomy) 

due to appendicitis (inflammation of the appendix)57. If appendectomy is found to be 

associated with an increased risk of later disease development, patients with 
appendicitis should be treated conservatively without surgery to a greater extent. 

Population-based cohort studies have recently shown a possible association between 
appendectomy and an increased risk of colorectal cancer 58, ischemic heart disease 59 

including myocardial infarction 60 and gallbladder disease and gallstones 61 later in life. 

The prognosis for Clostridium difficile infection appears to be significantly worse in 
individuals who have undergone appendectomy 62. 

The function of the appendix as an antibody producer and bacterial reservoir can be 
very important. Unlike the rest of the gastrointestinal tract, the appendix contains large 
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amounts of dense lymphatic tissue with B cells that continuously secrete IgA antibodies 
into the intestine 56. Although both tonsils and so-called Peyer's patches in the small 

intestine also contain lymphoid tissue with some IgA production, the appendix accounts 

for the clear majority 56. IgA antibodies bind with high affinity to pathogenic bacteria and 
viruses to neutralize them, but they also bind to "good" bacteria to regulate their amount 

and composition 63 

It is estimated that up to 75% of the bacteria in the intestine are coated with IgA 

antibodies 63. IgA deficiency is the most common immunodeficiency in humans, and 

although many people with IgA deficiency are asymptomatic (likely due to 
compensatory mechanisms) 64, allergies, autoimmune diseases, and gastrointestinal 

disorders are more common in this group 65. In animal studies where the appendix has 

been removed, low levels of serum and intestinal IgA have been noted, however this has 
not been investigated in humans 56. 

The appendix's protected anatomical location and its unique environment for bacterial 
biofilms, which are extremely difficult to reach with antibiotics, provide a reservoir 

function for essential "good" bacteria that can be distributed in the intestine if the 

microbial balance is disrupted 66. The few studies that so far have examined the types of 
bacteria in healthy appendices have shown a wide variation between individuals but are 

based on bacterial culture and not DNA sequencing techniques. With modern DNA 
sequencing techniques, we can map the bacterial diversity in the colon of individuals 

who have had an appendectomy versus those who have not, as well as the bacterial 

diversity in relation to IgA levels in the intestinal lumen, intestinal mucosa, and serum, 
and correlate this with the presence of an appendix and its bacterial flora. 

2.2.2 Bariatric surgery 

Bariatric surgery, such as Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy 

(SG) have increased during the last decades due to the overweight and obesity 
endemic 67. It has been estimated that 20-40% of the IBD patients in western countries 

suffer from obesity 68. 

Gastric restriction and gastrointestinal diversion cause weight loss after bariatric 
surgery 69, but other mechanisms may also be important, involving the central nervous 

system, the neuroendocrine system and the bile acid metabolism 70. Changes in the gut 
microbiome may affect both the neuroendocrine system and the bile acid metabolism 

and has been suggested to play a role in weight reduction after bariatric surgery where a 

postoperative increase in Bacteroidetes and Proteobacteria and a decrease in 
Firmicutes have been reported in several studies 71, 72. 

Since bariatric surgery may cause alterations in the gut microbiome, and development 
of IBD may be triggered by a changed bacterial diversity, associations between bariatric 
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surgery and onset of IBD has previously been studied, but mostly in small case series 73-

78 and with conflicting results 45, 46. 

A recent Danish cohort study showed increased risk of new-onset CD but not UC after 

bariatric surgery 45. In contrast, a recent American study showed lower prevalence of 
de-novo CD and UC among individuals going through bariatric surgery compared to 

individuals with persistent obesity, defined as a BMI>30 kg/m² 46.  

To gain a better understanding of the relationship between bariatric surgical procedures 

and the development of IBD, further studies are required, particularly those that 

investigate different types of surgeries and impact on gut microbiota. 

2.2.2.1 The stomach and bacteria 

Although the stomach is considered to be a hostile environment for bacteria due to its 
acidic pH, it has been found that some bacteria can still survive and thrive in the 

stomach. For example, Helicobacter Pylori, known as the major cause of peptic ulcers 
and gastric cancer, may also be linked to changes in other gut microbiota, potentially 

impacting overall health 79.  

In this context, it is noteworthy that medical interventions for gastric diseases can 
significantly affect the microbial environment. For instance, the administration of proton 

pump inhibitors (PPI), which are commonly prescribed for conditions like acid reflux and 
ulcers, can modify the stomach microbiota. This modification can result in a reduction in 

the diversity of bacteria in the stomach and an increase in the prevalence of oral 

bacteria 80. 

As medical interventions can impact the microbial environment, it is logical to consider 

that different types of surgical interventions on the stomach may also affect the 

microbiome. Alterations in the gut microbiome have the potential to influence both the 
neuroendocrine system and bile acid metabolism, which has been proposed to 

contribute to weight loss following bariatric surgery 70, 71. 

 

2.3 Human microbiota and IBD 

2.3.1 Human microbiota 

The human microbiota consists of all the bacteria, fungi, and viruses present in the 

human body, with bacteria being the most extensively studied. According to estimates, 
an adult carries around 3.8 * 1013 bacteria, weighing approximately 0.2 kg, which exceeds 

the number of human cells (3.0 * 1013) 81. Most of these bacteria are located in the colon 
81 as reflected in research that primarily focuses on the colonic microbiome. 
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In 2007, the Human Microbiome Project was the first project to define composition and 
function of the healthy human microbiome 82 and during the past two decades new DNA 

sequencing methods have made it possible to explore its interaction with the human 

cells 83. 

2.3.2 Colonic microbiota 

The human gut hosts approximately 1000 different bacterial species 6 of which 
approximately 70% of all bacteria are located in the colon. The predominant colonic 

bacterial phyla are Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria 84, 
Figure 2. 

 

Figure 2: The dominant bacterial phyla in human colon.  

The initial colonization of bacteria in the human body occurs during birth when the 

newborn is exposed to the mother’s microbiota 85. Subsequently, the gut microbiota 
rapidly develops and attains a structure similar to that of an adult by the age of 1-3 

years 86. During the early stages of life, environmental factors such as delivery mode and 

breastfeeding 85 as well as pet keeping and antibiotic use 87, have been shown to affect 
the development and composition of gut microbiota in childhood.  

In contrast to infants, the gut microbiota in adults tends to be more stable, although the 
specific microbial species and their relative abundance can differ significantly between 

individuals 86. Nevertheless, the functional capacity of the adult gut microbiota, which 

refers to the metabolic pathways present in a particular set of bacteria, remains 
relatively consistent across healthy individuals 6.  

Bacteroidetes Firmicutes

Proteobacteria Actinobacteria

Other
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The intestinal microbiota is associated with various potential health benefits for humans, 
including the production of vitamins, absorption of essential ions such as calcium, 

magnesium, and iron, protection against harmful microorganisms and promotion of a 

healthy immune system 84. One microbial function of considerable interest is the 
fermentation process of non-digestible food components, such as indigestible dietary 

fibres into short-chain fatty acids in the colon (See separate chapter 2.4). 

The microbial environment of the colon in relation to intestinal disease has become the 

subject of increasingly intense research. Data suggests that the gut flora of healthy 

individuals is more diverse than, for example, patients with low-grade inflammation in 
the intestine. Therefore, the diversity of bacteria appears to be correlated with disease 
88. It is further believed that bacteria interact with cells in the intestinal system. 

Structural proteins (metabolites) in bacteria, such as flagellin, lipopolysaccharides, and 
specific antigens such as Polysaccharide A, are recognized by receptors in the intestinal 

mucosal cells, which in turn affect the immune system in terms of recruiting T cells and 
releasing cytokines. This may be significant for the onset of inflammation and later 

cancer development in the intestine 89. Much indicates that this communication is 

specific to different disease areas 7 and therefore the bacterial population needs to be 
locally mapped by sampling from the current intestinal pathology to study these 

processes further. Local sampling is also advantageous as bacteria in the mucosa are 
likely to be less sensitive to laxatives than bacteria lying freely in the intestine 90. 

As collecting samples from various segments of the gastrointestinal (GI) tract typically 

requires invasive procedures through colonoscopy, most studies on the microbiota of 
the GI tract in healthy individuals rely on faecal samples. However, such samples only 

provide information about the luminal microbiota and may not accurately reflect the 
microbiota that adheres to the host tissue, which is better assessed through mucosal 

biopsies 84. This is crucial, as the luminal and mucosal microbiota harbour heterogenous 

microbial communities 91. The mucosal tissue microbiota has lower alpha-diversity, 
indicating a lesser variation of microbes in a single sample (in terms of species richness 

and distribution), and lower abundance of most microbes with some exceptions; 

Bacteroides, Subdoligranulum, Escherichia and Propionibacteriaceae which are more 
prevalent on the mucosa than in the colonic lumen 91.  

Certain species of Bacteroides (B. caccae, B. fragilis and B. vulgatus) as well as 
Akkermansia mucinophila are capable of degrading mucin and are primarily located in 

the mucin layer of the colon, where they derive nutrition from mucin 92-94. The greater 

prevalence of Propionibacterium and Escherichia near the mucosa can be attributed to 
their ability withstand oxidative stress as the oxygen concentration near the mucosa is 

higher compared to in the lumen (known as the intraluminal oxygen gradient) 95. In 
addition, the composition of the gut microbiota varies throughout the GI-tract with 
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increasing diversity and density. Therefore, a faecal sample cannot accurately represent 
the microbiota at a single location 96.  

Dysbiosis i.e., a disruption of the gut microbiota homeostasis and changes in microbic 

metabolic activities and function 97 has been associated with numerous diseases such 
as inflammatory bowel disease, overweight, diabetes and autism spectrum disease 98. 

2.3.3 Colonic microbiota and IBD 

The role of dysbiosis in the GI-tract has been proposed as a significant factor in the 

pathogenesis of IBD 10. However, due to the cross-sectional nature of most studies, it is 
challenging to determine whether the alterations in the microbiota are the root cause of 

IBD or a consequence of it. There are several publications comparing the colonic 

microbiota in IBD patients and healthy controls, most of them with small samples and 
inconsistent results. The lack of consistency may be due to various factors, such as 

differences in the assessment methods of the microbiome (e.g., 16S rRNA sequencing 
versus shotgun metagenomics, mucosa samples versus stool samples), the ways in 

which the data are pooled into subgroups (CD/UC, active disease/remission, treatment 

naïve/ treated) and differences in the control groups.  It is also worth noting that the 
healthy gut microbiome has diverse composition across different parts of the world 99.  

In a recent systematic review including 48 studies, a common finding was reduced 
alpha-diversity (total number of different species within a defined area) in CD patients 

compared to controls. In studies including both CD and UC patients, 9 out of 12 studies 

showed reduced alpha-diversity among CD patients in comparison to controls and 5 
out of 17 studies showed reduced alpha-diversity among UC patients vs. controls 10.  

The interpretation of results pertaining to the abundance and deficit of specific bacterial 

taxa is challenging due to inconsistencies in the various methodologies used for analysis. 
Nonetheless, some findings have been more frequently reported, such as the reduction 

of Faecalibacterium prausnitzii (CD and UC), Christensenellaceae (CD), Akkermansia 
(UC), Eubacterium rectale (UC) and Actinobacteria (UC and CD). Conversely, the 

increase of Escherechia, Veillonella (CD) and Actonimyces (CD) has also been reported 
10. 

Faecal microbiota transplantation (FMT), a treatment primarily used thus far in patients 

with C. difficile colitis, has also been suggested as a potential treatment for IBD patients. 
Despite some small studies showing positive results, there is currently limited evidence 

to support the use of FMT as an effective treatment for IBD 100, 101. 

2.3.4 Sequencing microbiota 

Over the past centuries, studies on gut microbes have primarily relied on culture- 

dependent methods. However, these methods have limitations as a significant 
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proportion of bacteria in the GI tract cannot be cultured. With the emergence of new 
culture-independent methods, based on DNA sequencing technologies, known as next-

generation sequencing, new opportunities have arisen to analyse the gut microbiome 

and its correlation with different diseases. There are mainly two methods for 
microbiome profiling, “16S rRNA sequencing” and “metagenomic sequencing”.  

2.3.4.1 16S rRNA sequencing 

The 16S rRNA gene, which is present in all bacteria is 1500 base pair long. The gene 

consist of 9 highly conserved and 9 hypervariable regions (V1-V9) that can be amplified 
by polymerase chain reaction and sequenced. To identify bacterial species in a sample, 

the sequences can be compared to a collection of gene sequences available in large 

databases 102, 103. 

2.3.4.2 Metagenomic sequencing 

In metagenomic sequencing all available DNA in a sample is sequenced non-selectively 

which enables higher taxonomic resolution and allows for identification of bacteria on a 

strain level. Since all genes in a sample are sequenced, metagenomic sequencing also 
gives information on what type of genes are present in a sample. Thus, a sample can also 

be analysed on a functional level 102, 103. 

 

2.4 Short chain fatty acids, microbiota and IBD 

2.4.1 Short chain fatty acid synthesis and metabolism 

Short chain fatty acids (SCFA) are produced in the colon through fermentation of 

indigestible dietary fibres, proteins and peptides by the gut microbiota. SCFA are 
defined as fatty acids with fewer than six carbons, including formic acid, acetic acid, 

propionic acid, butyric acid and valeric acid where acetic acid, propionic acid and 

butyric acid account for more than 95% of all SCFA in the human intestine 104. SCFA are 
subsequently absorbed by the colonocytes and enter the circulation via the portal vein 

affecting general metabolism, liver function, skeletal muscle and fatty tissue 105.  

Some SCFA are key promoters of colonic heath and integrity. Butyrate for example, is 

the major and preferred metabolic substrate for colonocytes providing at least 60–70% 

of their energy requirements, required for proliferation and differentiation 106. Apart from 
the function as a major energy source for colonocytes, SCFA in the gut exhibits various 

physiological functions with effect on colonic mobility, colonic blood flow, and 
gastrointestinal pH, which in turn can influence uptake and absorption of electrolytes 

and nutrients 107.  
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SCFA also plays an important role in regulation of intestinal immunity. For example, the 
SCFA-sensing G-protein-coupled receptors (GPCR) are expressed on immune cells 108 

and regulate intestinal barrier integrity, as well as the activity and proliferation of 

immune cells (T-cells, CD-cells, macrophages, neutrophils, monocytes) 109. 

The fermentation process responsible for the formation of SCFA is mediated by specific 

gut bacteria. Acetate, for example, is produced by several enteric bacteria, while 
Bacteroidetes and Firmicutes are the main producers of propionate. Faecalibacterium 

prausnitzii, Eubacterium rectale, Eubacterium hallii and Ruminococcus bromii are all 

producers of butyrate 109. 

2.4.2 SFCA in IBD 

Since SCFA are involved in both pro- and anti-inflammatory processes in the intestines, 
dysbiosis observed in IBD patients could affect the production of SCFA, thereby 

contributing to the development of IBD. Lower abundance of SCFA producing bacteria 
e.g., Firmicutes have been reported in IBD patients 110. A recent meta-analysis has also 

shown a reduction of intraluminal acetate, propionate, butyrate and valerate as well as 

an increase in lactate in IBD patients compared to controls 111. Furthermore, UC patients 
with active disease were found to have reduced butyrate levels compared to those in 

remission 111. This may indicate functional differences of the microbiota in IBD patients 
compared to healthy subjects leading to alterations in the SCFA production and further 

damage on the intestinal barrier and increased inflammation. 

 

2.5 Bile acids, microbiota and IBD 

2.5.1 Bile acid synthesis and metabolism 

Bile acids (BA) are synthesised in the liver from cholesterol by several enzymatic 

reactions. The synthesis requires 17 enzymes 112. There are two pathways in which bile 

acids are synthesised, the classical pathway and the alternate pathway which accounts 
for 80% and 20% of the BA pool respectively 113. These two pathways produce mainly 

two primary BA in the liver, cholic acid (CA) and chenodeoxycholic acid (CDCA). The 
primary BA are then conjugated with glycine (G) or taurine (T) giving rise to bile salts 

(GCA, TCA, GCDCA and TCDCA) 113.  

Conjugated BA, i.e., bile salts, are stored in the gallbladder and secreted into the 
duodenum, mainly after meals, where they are transformed by bacterial enzymes to 

secondary BA e.g., lithocolic acid (LCA) and deoxylithocolic acid (DLCA). Thus, the gut 
microbiota highly affects the composition of BA. 
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After being secreted into the duodenum most BA are reabsorbed and transported back 
to the liver via the portal blood. This cycle is called the entero-hepatic circulation 114. 

About 95% of the BA are reabsorbed through the portal blood minimizing loss which 

allows low rate of de novo synthesis. A small amount of BA can enter to the systemic 
circulation and are subsequently cleared in urine 113. 

2.5.2 Bile acid function 

The major physiological functions of BA are lipid digestion and cell signalling. BA form 

micelles in small intestine facilitating digestion and absorption of intestinal cholesterol, 
triglycerides, fatty acids and fat-soluble vitamins 115. 

BA can also act as signalling molecules, interacting with cell membranes and nuclear 

receptors (bile acid activated receptors, (BAR)) which are expressed in the GI tract and 
immune cells. This enables communication between the intestinal microbiota and the 

host 114.  

Each BA has distinct chemical properties and biochemical activities. Most studies on 

BAR are conducted on Farnesoid x-receptors (FXR) and seven-transmembrane G-

protein-coupled receptors (TGR5). FXR is expressed at high levels in the GI tract, 
primarily in hepatocytes and ileal epithelial cells. It plays a key role in regulating the 

enterohepatic circulation and the synthesis of BA. FXR is also expressed in immune cells 
and is involved in various immunological functions, such as inflammatory response, 

maintaining the integrity and function of the intestinal barrier, and regulating the growth 

of the intestinal microbiota 116. 

TRG5 is expressed in intestinal epithelial cells, ileal endocrine L-cells, biliary epithelial 

cells, gallbladder cells, and adipose tissue 114. Activation of TRG 5 by secondary bile acids 

in enteroendocrine cells stimulates secretion of glucagon-like peptide, which in turn 
promotes insulin secretion. TRG signalling also promotes adipose tissue browning and 

energy metabolism to reduce weight 114. In addition to regulating metabolic homeostasis, 
TGR5 is also expressed by immune system cells, which suggests a potential role for BA 

in immune cell homeostasis and function 114.  

Examples of other BAR are Liver-X-Receptor, Constitutive Androstane Receptor, Vitamin 
D receptor, Pregnane-X-Receptor, Retinoid Related Orphan Receptor, Sphingosine-1-

phosphate receptor 2 and Muscarinic receptor 114. 

2.5.3 Bile acid and IBD 

Patients with IBD often have an altered composition and dysbiosis of intestinal 
microbiota, as well as an inflamed intestinal epithelium. This inflamed epithelium is 

believed to decrease BA reabsorption resulting in more BA reaching the colon and being 

eliminated with faeces. Bile acid malabsorption (BAM) has been found in up to 50% of 
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adult patients with CD, which can lead to diarrhoea, steatorrhea with malabsorption of 
fat-soluble vitamins and formation of gallstones and kidney stones. BAM can also result 

from surgical ileal resection. Additionally, the dysbiosis associated with IBD leads to a 

reduction in the enzymatic capacity of the microbiota, affecting their ability to 
metabolize primary BA into secondary BA 114. Given that BA are ligands for BAR, which are 

highly expressed in immunological cells in the GI tract, these changes could contribute 
to the immune dysfunction observed in IBD patients 114. 

 

2.6 Short chain fatty acids, bile acids, microbiota and IBD 

There are compelling reasons to further investigate the relationship between BA and 

SCFA with bacterial diversity and inflammation in the colon. It is important to determine 

whether inflammation-specific bacterial compositions can be identified through 
different compositions of BA, SCFA and inflammatory biomarkers in plasma. If it is 

possible to detect a bacterial composition that is specific to inflammatory bowel 
disease (IBD) through plasma biomarkers, the disease can be detected earlier and 

better monitored during treatment. Early intervention and monitoring to optimize 

treatment can decrease the likelihood of major surgery, leading to significant gains in 
survival, reduced healthcare costs, and less suffering and morbidity.  
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3 Research aims 
The aim of this thesis is to investigate the relationship between appendectomy and 
bariatric surgery and later development of IBD, as well as to identify potential 

biomarkers for IBD. 

The specific aims of the included papers were: 

Paper I: 

To investigate if juvenile appendicitis treated with appendectomy and conservatively 
treated appendicitis both are associated with a reduction of later onset of UC and CD. 

Paper II: 

To investigate if bariatric surgery is associated with increased risk of later development 

of IBD. 

Paper III: 

To compare plasma concentrations of SCFA, among patients with IBD, both with and 

without active inflammation, with healthy controls and to investigate these metabolites 

as potential markers for bowel inflammation.  

Paper IV: 

To identify alterations in the BA profile in blood plasma of CD patients in comparison to 
controls, and to investigate these metabolites as potential biomarkers for bowel 

inflammation. 
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4 Materials and methods 

4.1 Data sources 

4.1.1 Swedish national patient register (NPR) 

The Swedish National Patient Register (NPR) is a register held by the National board of 
Health and Welfare (NBHW). It contains data on inpatient care such as discharge 

diagnoses according to the international classification (ICD) codes, surgical procedure 
codes and dates of hospital admission and discharge 117. Data in the NPR and other 

national registers are linked to the Swedish personal identity number (PIN) that identifies 

every legal resident in Sweden 118.  

The registry was established in 1968 and achieved national coverage in 1987. Since 2001, 

the registry has also been recording outpatient specialist care visits. Currently almost 
100% of the inpatient and 80% of the outpatient specialist care visits are registered 119. 

4.1.2 Cause of death registry (CDR) 

The Swedish cause of death registry is held by the national board of health and welfare 

(NBHW). It is an almost complete registry containing information on all deaths in Sweden 

since 1952 including data on date, place, and cause of death according to ICD-codes 120. 
The data is based on death certificates issued by physicians and the accuracy of the 

cause of death in the registry may vary based on age groups and diagnostic categories 
121. 

4.1.3 Scandinavian obesity register (SOReg)  

SOReg is a national quality registry containing data on bariatric surgery in Sweden since 

2007 122. The registry covered 97.4% of all bariatric surgical procedures performed in 
Sweden 2012-2018 123 and includes baseline and perioperative data, as well as follow-up 

data 122. The internal validity is considered high. The 2 and 5-year follow-up in the 

registry is 70% and 50% respectively 123.  

4.1.4 KOLBIBAKT 

An overview of the Koloskopi-Biopsi-Bakterier (KOLBIBAKT) cohort is shown in Figure 3. 
During the period, 1 November 2016 to 1 July 2019, 2,395 individuals (aged ≥ 18 years) 

who were referred for colonoscopy at Danderyd Hospital were asked for participation in 
the study. Of these, 1,136 (47.4%) denied participation and two were excluded due to 

interrupted colonoscopy. All patients included (N = 1,257) gave written informed consent 

before participating in the study. Prior to bowel preparation (Movprep®), patients were 
asked to submit a stool sample which was then stored in a standardized microbiological 

DNA stabilizing solution. This sample was saved for bacterial analysis.  
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Participants were also asked to complete a validated 13-page questionnaire with 277 
questions about previous illnesses, diet, lifestyle habits (eg, smoking, alcohol, exercise, 

and sleep habits), bowel habits (including IBS scores, and the Bristol stool scale), 

previous colonoscopies and antibiotic treatment (Appendix).  

Before colonoscopy, four blood samples were taken: Two for analysis of HbA1c, 

hemoglobin and CRP, and two for the hospital's biobank for later analysis of biomarkers 
(BA, SCFA, Olink-inflammation panel). During the colonoscopy, in addition to routine 

diagnostic tissue samples, two extra biopsies were taken from healthy mucosa, near the 

disease area and in the disease area, in all individuals. From each area, a biopsy was 
saved for DNA sequencing and one for culture. The severity of IBD disease was assessed 

and recorded by the examining endoscopist.  

Of those included (645 men and 612 women) in the study, 1,247 (99.2%) filled out the 
lifestyle form and 1,165 (92.8%) submitted a stool sample. Blood samples were obtained 

from 1,255 (99.8%) individuals.  

The colonoscopy findings showed that there were 595 (47.3%) cases of precancerous 

lesions, 403 (32.1%) cases of diverticulosis, 263 (20.9%) cases of IBD, 97 (7.7%) cases of 

former cancer and 14 (1.1%) cases of present cancer. 213 (16.9%) individuals had no 
pathological findings on colonoscopy, clean colon (CC), Table 1. 

Figure 3: Overview of the KOLBIBAKT cohort.  
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Table 1: Colonoscopy findings in the KOLBIBAKT cohort. 

 N % Age (SD) Sex (M/F) 

Precancerous lesions 595 47.3 65.6 (10.7) 314/281 

Diverticulosis 403 32.1 66.2 (9.6) 213/190 

IBD 263 20.9 58.5 (16.2) 153/210 

Former cancer 97 7.7 68.3 (10.4) 56/41 

Present cancer 14 1.1 67.1 (8.1) 9/5 

Clean colon 213 16.9 56.8 (14.9) 93/120 

SD = standard deviation. M/F = Male/female. 

 

4.2 Studies 

An overview of the study design of all papers included in the thesis are presented in 
Table 2. 

 

Table 2: Overview of included papers in the thesis. 

Paper Study design Exposure Outcome  Statistical analysis 

I Retrospective 
cohort 

Appendicitis before 
the age of 16 and 

matched controls 1:1 

IBD (CD and UC) T-test. Wilcoxon 
rank-sum test. Cox 
proportional hazard 

ratio models 

II Retrospective 
cohort 

Bariatric surgery 
(RYGB and SG) and 

matched controls 1:10 

IBD (CD, UC and 
IBD-U) 

T-test. Pearson 
chi2 test. Cox 

proportional hazard 
ratio models 

III Cross-
sectional 

IBD (CD and UC) and 
controls  

SCFA in plasma ANOVA. Pearson 
chi2-test. Linear 

regression 

IV Cross-
sectional  

CD and aged matched 
controls 1:1 

BA in plasma T-test. Pearson 
chi2-test. Linear 

regression 
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4.2.1 Paper I 

Design: 

Population-based retrospective cohort study. 

Participants:  

The study population included all individuals (n = 52,435) with a discharge diagnosis of 

appendicitis before the age of 16 years in Sweden, during the period of 1 January 1973 – 
31 December 1996. Each exposed individual was matched to individuals without history 

of appendicitis according to age, sex and region of residence. Unexposed individuals 
who were diagnosed with appendicitis after inclusion but before the age of 16 were 

excluded as well as well as individuals with UC or CD before or within one year after 

inclusion. The final cohort consisted of 52,391 individuals with juvenile appendicitis 
(appendicitis with appendectomy N = 50,421, appendicitis without appendectomy N = 

1970) and 51,415 unexposed individuals. 

Exposure: 

The exposure variable was appendicitis before age 16 (‘juvenile appendicitis’) and the 

diagnosis was retrieved from the NPR using relevant ICD-codes. Individuals with juvenile 
appendicitis were further stratified into either appendectomy or conservative treatment 

without appendectomy using ICD-codes for appendectomy from the NPR, Table 3.  

Outcome: 

The primary outcomes were obtained from the NPR using relevant ICD-codes, Table 3. 

Diagnosis of outcome diagnosis (either CD or UC) was based on the most recent 
diagnosis in NPR, and the onset of disease was defined as the date of the first UC or CD 

diagnosis regardless of the final outcome diagnosis. The cohort was followed until 31 

December 2017  

 

Table 3: Exposure and outcome based on following ICD codes in the National Patient Register. 

Exposure ICD-8 ICD-9 ICD-10 

Appendicitis 540, 541, 542 540, 541, 542 K35X K36X, K37X 

Appendectomy 4510, 4511 4510, 4511 JEA00, JEA01, JEA10 

Outcome    

Ulcerative colitis 563.10 556X K51 

Crohn’s disease 563.00 555A-X K50 
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4.2.2 Paper II 

Design:  

Population-based retrospective cohort study. 

Participants and exposure:  

The study population consisted of all individuals who underwent primary bariatric 

surgery (RYGB or SG) and were registered in SOReg, during the period of 1 January 2007 
– 31 December 2018. Controls were matched in a 1:10 ratio based on sex, age and area of 

residence. Individuals who had been diagnosed with IBD either before or within one year 
after the inclusion period were excluded, as were controls of any excluded cases. The 

final cohort consisted of 64,188 individuals with bariatric surgery (RYGB n=54,465, SG n= 

9723) and 634,530 controls.  

Outcome: 

The primary outcomes were obtained from the NPR using ICD-codes, Table 4. Outcome 
diagnosis (CD, UC or IBD-U) was determined by the most recent diagnosis in NPR and 

onset of disease was defined as the date of the first UC, CD or IBD-U diagnosis, 

regardless of final outcome diagnosis. The cohort was followed until 31 December 2019. 

Table 4: Outcome based on following ICD codes in the National Patient Register 

Outcome ICD-10 

Crohn’s disease K.50 

Ulcerative colitis K.51 

IBD-unclassified K52.3 

 

4.2.3 Paper III 

Design:  

Cross-sectional study. 

Participants:  
The study included all individuals from the KOLBIBAKT cohort (4.1.4) who had undergone 

colonoscopy and had been diagnosed with either CD, UC, or showed no pathological 
findings on colonoscopy (CC). After primary inclusion, Individuals with unsuccessful 

SCFA analysis were excluded (n=20). The final cohort consisted of 132, 119 and 205 

individuals with CD, UC and CC, respectively. 

Exposure:  

Severity of disease in CD and UC individuals was assessed by the examining 
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endoscopist and  graded in accordance with Simplified endoscopic activity score point 
system for CD (SES-CD) 124 and Mayo endoscopic sub score for UC 125. Individuals with 

no pathological findings (CC) were included as controls. 

Outcome: 
SCFA (formic-, acetic-, propionic-, butyric-, isobutyric-, isovaleric-, and valeric acid) as 

well as caprionic- and succinic- acids, were analyzed plasma by liquid chromatography-
mass spectrometry (LC-MS). Results were reported in the unit M.  

Covariates: 
Data on nutritional and dietary variables were collected from the questionnaire. Average 

daily intakes of specific nutrients were estimated according to the Alternate Healthy 
Eating Index (AHEI) score where a higher score indicates a healthier diet 126. 

 

4.2.4 Paper IV 

Design:  

Cross-sectional study. 

Participants: 

This study included individuals with CD as well as individuals without pathological 
findings on colonoscopy or history of colorectal cancer or precancerous lesions (CC) 

from the KOLBIBAKT cohort (4.1.4). From the total of 141 individuals with CD and 213 

individuals with CC, 88 age-matched pairs, who had not received antibiotic treatment 
within three months prior to inclusion were selected for analysis.  

Exposure: 
The exposure was CD. Severity of disease was assessed by the examining endoscopist 

and graded in accordance with Simplified endoscopic activity score point system for 

CD (SES-CD) 124. 

Outcome: 

Plasma bile acid levels were measured using Ultra Performance Liquid Chromatography 

(UPLC). The outcome data was analysed according to semi-quantitative measures. 

Covariates: 

Diet:(see chapter 4.2.3) 
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4.3 Statistics and data analysis:  

Paper I and II: 
Students t-test, Wilcoxon rank-sum test, and Pearson chi2-test were used for crude 

group comparison of continuous and categorical variables.  

The hazard ratio of developing each outcome in relation to exposure status were 

estimated by fitting Cox proportional-hazards regression models for each exposure 

(juvenile appendicitis, appendectomy and conservative treatment in paper I and 
bariatric surgery, RYGB and SG in paper II) with each outcome (IBD, UC and CD in paper I 

and IBD, UC, CD, and IBD-U in paper II). Hazard ratios were calculated with (adjusted) and 
without (unadjusted) covariates (sex, age, educational level, disposable income in paper 

I and age, sex and preoperative BMI in paper II). Kaplan-Meier incidence plots comparing 

exposed and unexposed individuals for each outcome during follow-up were 
constructed to illustrate outcome incidence during follow-up. A p-value <0.05 was 

considered statistically significant and all analyses were performed in Stata 15.1 and 16 
(StataCorp.) 

Paper III and IV 

ANOVA-test and Students t-test were used for crude group comparisons of continuous 
variables and chi2-test was used for comparisons of categorical variables. For 

associations a univariate linear regression analysis was performed for each exposure 
(CD, UC, CC in paper III and CD, CC in paper IV) and outcome (SCFA in paper III and BA in 

paper IV). In paper III, we also used a multivariate linear regression model including sex 

age and AHEI. Results were presented as mean ± standard error for each exposure and 
outcome and in paper IV, also as ratios between exposed and unexposed (CD/CC). A p-

value <0.05 was considered statistically significant in paper III. In paper IV, after 

Bonferroni correction 127 a p-value<0.002 was considered significant (further discussed 
in chapter 6.4.3).  

In paper IV, seven machine learning algorithms were trained and their ability to separate 
CD from CC were tested. 

All analyses were performed using STATA 16.1 (Stata Corp.), except the machine learning 

algorithms in paper IV where R version 4.1.2 was used.  

 

4.4 Ethical considerations 

Paper I and II are retrospective cohort studies based on Swedish registers. All data were 
de-identified by the registries before being provided to us. Thus, the risk of integrity 

infringement was minimal, and the participants were not exposed to any medical risks. 
As register-based studies, there is generally no requirement for informed consent. 
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In paper III and IV there were some ethical concerns since mucosal biopsies (2-6 extra 
biopsies) increases the risk of bowel perforation during the colonoscopy investigation. 

However, the risk of perforation due to biopsy, 1/6000, is considered small and can be 

treated with antibiotic in the vast majority cases. Overall, in the entire KOLBIBAKT 
project, no patient experienced any complications before, during or after their 

colonoscopy. All participants gave informed consent prior to the colonoscopy. 
Collected samples and other data were registered and stored according to current 

legislation. The collected data will be destroyed 25 years after inclusion. Personal 

identification numbers were replaced by anonymous key numbers. A code key was kept 
on a secure server in Danderyd hospital. 
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5 Main Results 

5.1 Paper I 

Population characteristics  

The study population characteristics of the cohort are shown in Table 5. The cohort 
consisted of 52,391 exposed and 51,415 unexposed individuals. Of the individuals 

exposed to juvenile appendicitis, 50,421 were treated with appendectomy while 1,970 

were treated without appendectomy (conservative treatment). All covariates were 
evenly balanced between groups, except for sex. The male sex was predominant in all 

groups, except for the conservative treatment group where the sexes were equally 

balanced.  

Follow-up 

Table 6 presents the events that occurred during the follow-up period, the 
corresponding person-years at risk, and the adjusted Cox proportional-hazards ratio 

estimates. In total 619 individuals developed UC and 529 individuals developed CD 

during a follow-up time of 3.3 million person-years.  

Out of the 52,391 individuals with juvenile appendicitis, 145 (0.28%) developed UC (140 

(0.28%) treated with appendectomy and 5 (0.25%) treated conservatively), during 1.7 
million person-years at risk. Additionally, 226 (0.43%) developed CD (215 (0.43%) 

treated with appendectomy and 11 (0.56%) treated conservatively) during the same 

follow-up period. These figures compared to corresponding figures of 474 (0.92%) and 
303 (0.59%) respectively, among the 51,415 unexposed who were followed for 1.6 million 

person-years at risk.  

Individuals with juvenile appendicitis had decreased risk of later development of both 

UC (aHR 0.30 95% CI 0.25 - 0.36) and CD (aHR 0.82 95% CI 0.69 - 0.99). 

The analyses which were stratified by the method of appendicitis treatment (i.e., 
appendectomy and conservative treatment), showed similar reduction in risk of UC and 

CD, except for conservatively treated juvenile appendicitis with CD. Individuals treated 

with appendectomy had decreased risk of both UC (aHR 0.30 95% CI 0.25 - 0.36) and 
CD (aHR 0.82 95% CI 0.68 - 0.97) while individuals treated conservatively had 

decreased risk of UC (aHR 0.29 95% CI 0.12 - 0.69) but not CD (aHR 1.12 95% CI 0.61 – 
2.06). 
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Table 5: Population characteristics. 

 No juvenile 
appendicitis 
(unexposed) 

Juvenile 
appendicitis 

(exposed) 
Appendectomy Conservative 

treatment 

 n=51,415 n=52,391 n=50,421 n=1,970 

Age 1, years (SD) 11.26 (2.86) 10.94 (2.84) 10.95 (2.81) 10.50(3.39) 

Sex     

 Male, n (%) 27,737 (53.95%) 28,255 (53.93%) 27,263 (54.07%) 992 (50.36%) 

 Female, n (%) 23,678 (46.05%) 24,136 (46.07%) 23,158 (45.93%) 978 (49.64%) 

Highest Educational Level 2 

 Low, n (%) 4,161 (8.10%) 4237 (8.08%) 4,084 (8.10%) 153 (7.76 %) 

 Intermediate, n (%) 24,071 (46.82%) 23,944 (45.70%) 23,016 (45.65%) 928 (47.10%) 

 High, n (%) 23,183 (45.09%) 24,210 (46.21%) 23,321 (46.26%) 889 (45.13%) 

Household disposable income 3 

 Mean, SEK(median) 6,105 (5391) 6,029 (5,391) 6,037 (5,391) 5,834 (5,391) 

Individual disposable income 3 

 Mean, SEK(median) 3,473 (3,022) 3,471 (3,022) 3,475 (3,022) 3,368 (3,022) 

1 Age at appendicitis (exposed) or age at appendicitis for corresponding exposed patient (unexposed) . 
2 Highest educational level achieved during follow up. Low ≤9 years, intermediate 10–12 years and high ≥13 
years of schooling. 
3 Monthly disposable income in Swedish Krona (SEK). 
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Table 6: Association between juvenile appendicitis with ulcerative colitis and Crohn’s disease stratified by 
treatment method. 

Disease outcome 
Number of 

patients 
Events/Person 

years aHR1 (95% CI) 

Ulcerative colitis 103,806 619 / 3,321,105   

No juvenile appendicitis  51,415 474/ 1,643,120 1.00 (ref.) 

Juvenile appendicitis  52,391 145 / 1,677,985 0.30 (0.25 - 0.36) 

     Appendectomy 50,421 140 / 1,618,040 0.30 (0.25 - 0.36) 

     Conservative treatment 1,970 5 / 59,945 0.29 (0.12 - 0.69) 

Crohn's disease 103,806 529 / 3,321,186  

No juvenile appendicitis  51,415 303 / 1,644,677 1.00 (ref.)   

Juvenile appendicitis  52,391 226 / 1,676,509 0.82 (0.69 - 0.99) 

     Appendectomy 50,421 215 / 1,616,662 0.82 (0.68 - 0.97) 

     Conservative treatment 1,970 11 / 59,847 1.12 (0.61 – 2.06) 

1 Adjusted Hazard ratio models accounted for sex, age at the time of exposure, educational level, disposable 
income as well as for appendicitis with appendectomy, appendicitis without appendectomy and 
appendectomy without appendicitis among unexposed individuals. 
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Kaplan–Meier incidence plots comparing ‘no juvenile appendicitis’ versus ‘juvenile 
appendicitis’ for each outcome, UC and CD during follow-up is shown in Figure 4. 

 

 

Figure 4: Kaplan–Meier incidence plots comparing ‘no juvenile appendicitis’ versus ‘juvenile appendicitis’ for 
each outcome, UC and CD during follow-up. 
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5.2 Paper II 

Population characteristics 
Population characteristics are shown in Table 7. The final analytic sample consisted of 

64,188 individuals with bariatric surgery (RYGB n=54,465, SG n=9,723) and 634,530 
controls. There was a clear predominance of females (76.4%) vs males (23.6%) in the 

entire cohort including individuals operated with RYGB (75.6% vs. 24.4%) and SG (80.6% 

vs. 19.4%) respectively.  Of those who underwent bariatric surgery, 41.5% had a 
preoperative BMI of less than 40 kg/m², 50.7% had a BMI between 40-50 kg/m² and 

7.8% had a BMI greater than 50 kg/m². The proportion of individuals with a lower BMI was 
significantly higher in those who underwent SG compared to those who underwent 

RYGB (p<0.001). 

Except for weight, for which no data was available for the control group, all other 
covariates were evenly distributed between the surgery group and the control group.
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Table 7: Population characteristics in analytic sample and sub-samples 

   No Bariatric surgery 
n=634,530 

Bariatric Surgery 
n=64,188 

p-value RYGB 
n=54,465 

SG  
n=9,723 

p-value 

Sex       

  Male, n (%) 149,904 (23.6%) 15,163 (23.6%)  13,274 (24.4%) 1,881 (19.4%)  

  Female, n (%) 484,626 (76.4%) 49,025(76.4%) 0.993 π 41,191 (75,6%) 7,834 (80.6%) <0.001 π 

Age1, years (SD)  41.4 (11.2) 41.4 (11.2) 0.410  41.4 (11.2)  41,6 (10.9) 0.043  

Preoperative BMI2, mean (SD)   41.8 (5.5)  42.3 (5.4) 39.5 (5.6) <0.001  

Preoperative BMI2 category, n (%)        

  BMI <40  26,627 (41.5%)  20,834 (38.3%) 5,793 (59.6%)  

  BMI 40-50  32,525 (50.7%)  29,005 (53.3%) 3,520 (36.2%)  

  BMI >50  5,035 (7.8%)  4,626 (8.5%) 409 (4.2%)  

1 Age at surgery (case patients) or age at surgery for corresponding case patient (control patients). 
2 Body mass index kg/m2 
=Two-sample t-test. π= CHI2-test. SD=standard deviation 
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Follow-up 
Events during follow-up and person years at risk are shown in Table 8. 

Over a follow-up period of 3.4 million person-years in the control group, 701 individuals 

(0.1%) developed CD, 1,116 (0.2%) developed UC and 189 (0.03%) developed IBD-U. In the 
surgery group, 123 (0.2%), 111 (0.2%) and 51 (0.1%) developed CD, UC and IBD-U 

respectively during a follow-up time 347 thousand person-years. 

Table 8: Events during follow up. 

 
No Bariatric 

surgery 
Bariatric 
Surgery RYGB1 SG2 

 N=634,530 N=64,188 N=54,465 N=9,723 

Follow up time, person years 3,444,186 346,860 323,886 22,974 

Crohn’s disease, n (%) 701 (0.1%) 123 (0.2%) 119 (0.2%) 4 (0.04%) 

Ulcerative colitis, n (%) 1,116 (0.2%) 111 (0.2%) 97 (0.2%) 14 (0.1%) 

IBD-U3, n (%) 189 (0.03%) 51 (0.1%) 48 (0.1%) 3 (0.03%) 

IBD4, n (%) 2006 (0.3%) 285 (0.4%) 264 (0.5%) 21 (0.2%) 

1 Roux-en-Y gastric bypass, 2Sleeve gastrectomy, 3Inflammatory bowel disease- unclassified, 4Inflammatory 
bowel disease 

Incidence rates and Cox proportional-hazard ratio estimates for each exposure and 

outcome are shown in Table 9. 

Individuals treated with bariatric surgery had increased risk of CD (HR 1.7 95% CI 1.4-2.1) 
and IBD-U (HR 2.7 95% CI 2.0–3.7) but not UC (HR 1.0 95% CI 0.8-1.2) compared to 

controls.  

Among individuals who underwent RYGB, the risk of CD (HR 1.8 95% CI 1.5-2.2) and IBD-U 
(HR 2.7 95% CI 2.0–3.7) was increased compared to controls, but there was no 

significant difference in risk of UC (HR 0.9 95% CI 0.8–1.1). In individuals who underwent 
SG, there was an increased risk of UC (HR 1.8 95% CI 1.1-3.1) compared to controls, but no 

differences in risk of CD (HR 0.8 95% CI 0.3–2.1) or IBD-U (HR 2.5 95% CI 0.8–7.8) could 

be detected. 
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Table 9: Association between bariatric surgery and inflammatory bowel disease, unstratified and 
stratified by treatment method. 

 No Bariatric 
Surgery 

Bariatric 
Surgery 

RYGB1 SG2 

Number of patients 634,530 64,188 54,465 9,723 

IR1 IBD2 (event/1000 
person years) 

0.6 0.8 0.8 0.9 

Hazard ratios (95% CI)     

  Crohn’s disease 1 (ref) 1.7 (1.4- 2.1) 1.8 (1.5- 2.2) 0.8 (0.3 – 2.1) 

  Ulcerative colitis 1 (ref) 1.0 (0.8-1.2) 0.9 (0.8-1.1) 1.8 (1.1-3.1) 

  IBD-U4 1 (ref) 2.7 (2.0-3.7) 2.7 (2.0-3.7) 2.5 (0.8-7.8) 

  IBD5 1 (ref) 1.4 (1.2-1.6) 1.4 (1.2-1.6) 1.5 (1.0-2.3) 

1Roux-en-Y gastric bypass, 2Sleeve gastrectomy, 3 Incidence rate, 4Inflammatory bowel disease, 
5Inflammatory bowel disease – unclassified.  

Weight and IBD 
Higher preoperative BMI was associated with lower risk of IBD. Individuals with 

preoperative BMI >50 (regardless type of surgical procedure) had a lower risk of 
developing IBD (HR 0.5 95% CI 0.3-0.9) compared to individuals with preoperative BMI 

<40. Although the decreased risk of IBD in preoperative BMI 40-50 (HR 0.8 95% CI 0.6-

1.0) compared to BMI<40 was not significant, the results indicate a linear relation 
between higher BMI and lower risk of IBD, Figure 5. 
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Figure 5: Kaplan–Meier incidence plots comparing body mass index <40 kg/m2, body mass index 40–50 
kg/m2, and body mass index >50 kg/m2 for inflammatory bowel disease during follow-up. 

5.3 Paper III 

Population characteristics:  

The study population characteristics are shown in Table 10. The final cohort consisted of 

132 individuals with CD, 119 with UC and 205 with CC. The sex distribution differed 
between CD and UC in comparison to CC with more males with CD and UC, (p=0.056, 

p<0.001).  

Individuals with CD and UC were younger, 44.8 years and 51.5 years compared to 

individuals with CC, 56.7 years (p<0.001, p=0.002).  

The severity of CD, assessed by SES-CD, was as follows: 77 individuals (58.3%) were in 
remission, while 36 (27.3%), 18 (13.6%) and 1 (0.8%) had mild, moderate, and severe 

disease, respectively. In UC, assessed by MES, 88 individuals (73.9%) were in remission, 
while 8 (6.7%), 12 (10.1%) and 11 (9.2%) had mild, moderate, and severe disease 

respectively, at the time for colonoscopy.  

In analysis of dietary components, AHEI score, was significantly lower in UC compared to 
CC (36.01 vs.39.64, p=0.010), but not in CD compared to CC (37.64 vs 39.64, p=0.14).  
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Table 10: Study population characteristics of men and women with Crohn’s disease (CD) and Ulcerative 
Colitis (UC) as compared to clean colon (CC) 

  
CD  

n=132 
p-value UC  

n=119 
p-value CC  

n=205 

Sex Male 72 (54.5%) 0.056 π 75 (63.0%) <0.001 π 90 (43.9%) 

 Female 60 (45.5%)   44 (37.0%)   115 (56.1%) 

       

Age years 44.8 (16.8) <0.001 β 51.5 (14.6) 0.002 β 56.7 (15.0) 

Antibiotics yes/no 21 (15.9%) 0.47 π 13 (10.9%) 0.056 π 39 (19.0%) 

SES-CD remission 77 (58.3%)       

 mild 36 (27.3%)       

 moderate 18 (13.6%)       

 severe 1 (0.8%)       

MES remission    88 (73.9%)    

 mild     8 (6.7%)    

 moderate    12 (10.1%)    

 severe    11 (9.2%)    

AHEI  37.64 (11.93) 0.14 β 36.01 (12.32) 0.010 β 39.64 (11.86) 

Data are presented as mean (SD) for continuous measures. and n (%) for categorical measures. β=ANOVA 
test. π= Pearson's chi2 test. Antibiotics = Any use of antibiotics within 3 months before colonoscopy. SES-
CD = Simplified endoscopic activity score point system for Crohn’s disease. MES = Mayo endoscopic sub 
score. AHEI = Alternate healthy eating index. 

Levels of SCFA: 

Mean levels of SCFA for CD, UC and CC are shown in Table 11. Succinic acid was lower in 
CD 3.00M (SE 0.10) and UC 3.13M (SE 0.10) in comparison to CC 3.41M (SE 0.08), 

p<0.05, however not significant when adjusting for sex, age and AHEI. No other 
significant differences were observed between groups.  

Subgroup analysis for active disease versus remission is shown in Table 12. All subgroups 
had lower mean Succinic acid levels than individuals with CC, but there was no 

statistically significant difference between individuals with UC remission and individuals 

with CC. In addition, lower concentration of valeric acid was shown in CD active 0.07M 

(SE 0.01) in comparison to CC 0.10SDM (SE 0,01), p<0.05. However, after adjusting for 

sex, age, and AHEI, there were no differences in mean SCFA levels.
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Table 11: Plasma concentration of SCFA according to CD and UC diagnosis. 

 
Formicacid Aceticacid Propionicacid Butyricacid Isobutyricacid Succinicacid Valericacid  Isovalericacid Caprionicacid 

CD 214.33 (13.35) 111.10 (10.38) 0.47 (0.03) 0.22 (0.02) 0.22 (0.01) 3.00 (0.10) * 0.09 (0.01) 0.20 (0.01) 0.29 (0.02) 

UC 199.53 (14.06) 103.24 (10.89) 0.46 (0.03) 0.27 (0.02) 0.21 (0.01) 3.13 (0.10) * 0.09 (0.01) 0.20 (0.02) 0.28 (0.02) 

CC (ref) 207.93 (10.71) 105.72 (8.30) 0.45 (0.03) 0.24 (0.02) 0.21 (0.01) 3.41 (0.08) 0.10 (0.01) 0.20 (0.01) 0.33 (0.02) 

Data are presented as mean and standard error in parathesis in M. CC=Clean Colon. CD= Crohn's disease. UC=Ulcerative colitis. * p<0.05.  

 
Table 12: Plasma concentration of SCFA according to CD and UC active or in remission diagnosis. 

 

Formicacid Aceticacid Propionicacid Butyricacid Isobutyricacid Succinicacid Valericacid Isovalericacid Caprionicacid  

CD remission 228.21 (17.48) 127.78 (13.54) 0.50 (0.04) 0.20 (0.02) 0.22 (0.01) 3.02 (0.13)* 0.10 (0.01) 0.22 (0.02) 0.28 (0.03) 

CD active 194.89 (20.68) 88.06 (15.92) 0.43 (0.05) 0.25 (0.03) 0.21 (0.02) 2.97 (0.15)* 0.07 (0.01)* 0.18 (0.02) 0.30 (0.03) 

UC remission 192.48 (16.35) 90.03 (12.58) 0.45 (0.04) 0.26 (0.02) 0.20 (0.01) 3.22 (0.12) 0.09 (0.01) 0.18 (0.02) 0.28 (0.03) 

UC active 219.56 (27.54) 140.71 (21.20) 0.50 (0.07) 0.27 (0.04) 0.23 (0.02) 2.86 (0.20)* 0.07 (0.02) 0.23 (0.03) 0.28 (0.05) 

CC(ref) 207.93 (10.71) 105.72 (8.24) 0.45 (0.03) 0.24 (0.02) 0.21 (0.01) 3.41 (0.08) 0.10 (0.01) 0.20 (0.01) 0.33 (0.02) 

Data are presented as mean and standard error in parathesis in M. CC=Clean Colon. CD= Crohn's disease. UC=Ulcerative colitis. * p<0.05. 
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5.4 Paper IV 

Population characteristics:  
Population characteristics are shown in Table 13. The cohort consisted of 88 age 

matched pairs. Age, sex and BMI were evenly distributed across the cohort and there 
was no significant difference in AHEI. 

Of the individuals with CD, 53 (60%) were in remission, while 21 (24%), 14 (16%) and 0 

(0%) had mild, moderate, and severe disease respectively. Of these individuals, 66 (75%) 
did not have history of bowel resection, while 19 (22%) had previously undergone 

ileocolic resection. Among individuals with CC, 81 (92%) did not have history of bowel 
resection. 

Table 13: Population characteristics 

  
CD  

n=88 
CC  
n=88 

 p-value 

Sex Male 47 (53%) 39 (44%)  0.23 π 

 Female 41 (47%) 49 (56%)   

Age  44.92 (16.22) 48.69 (14.94)   0.11 β 

BMI  25.74 (4.97) 25.97 (6.22)   0.79 β 

SES-CD remission 53 (60%)    

 mild 21 (24%)    

 moderate 14 (16%)    

 severe 0 (0%)   

Previous Surgery None 66 (75%) 81 (92%) <0.001 π 

 Ileocolic resection 19 (22%) 2 (2%)   

 Colon or rectum resection 2 (2%) 3 (3%)   

 Colectomy 1 (1%) 0 (0%)   

 RYGB 0 (0%) 2 (2%)   

AHEI  37.94 (11.74) 39.55 (12.15)   0.38 β 
Data are presented as mean (SD) for continuous measures and n (%) for categorical measures. β=two 
sample t-test test. π= Pearson's chi2 test. SES-CD = Simplified endoscopic activity score point system for 
Crohn’s disease. AHEI = Alternate healthy eating index. 
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Bile acids levels:  
Levels of primary and secondary bile acids in blood plasma for individuals with CD and 

CC and the CD/CC ratio is shown in Table 14. 

Primary bile acids: Levels of CA was similar between groups, CD/CC ratio = 1.00 (SE 0.18). 
Point estimates of CD/CC ratio for all the other primary BA was 1.12-2.73, however not 

significant. Thus, no statistically significant differences in levels of primary BA were 
shown. 

Secondary bile acids: The levels of all deoxycholic acids were lower in CD compared to 

CC, with a CD/CC ratio of 0.20 - 0.73. The differences were statistically significant for 
DCA, CD/CC ratio 0.47 (SE 0.11), p<0.001 and HDCA CD/CC ratio 0.20 (SE 0.07), p<0.001. 

Additionally, the levels of all lithocholic acids were significantly lower in CD, CD/CC ratio 

0.40-0.52, p<0.001.  

There were no statistically significant differences in the levels of hyocholic acids and 

ursodeoxycholic acids, except TUDCA, with a CD/CC ratio of 0.28 (SE 0.21), p<0.001 and 
there were no differences in levels of MCA, TaMCA and C4. The total amount of 

secondary BA was lower in CD, with a CD/CC ratio of 0.60 (SE 0.12) p=0.001. 

The relation between total amount of secondary BA and primary BA 
(SecondaryBA/PrimaryBA) for CD and CC was 6.50 (SE 0.51) and 12.05 (SE 1.50) 

respectively.  

Subgroup analysis of the statistically significant alterations in secondary BA levels in 

the main analysis is shown in Table 15. Significantly lower levels of HDCA, LCA, ILCA and 

TLCA-3S were shown in CD in remission vs. CC and significantly lower levels of DCA, 

HDCA, LCA, LCA.3S ILCA, GLCA, TLCA and TLCA.3S were shown in CD with active 
disease vs. CC. 

Moreover, plasma concentration for secondary BA among individuals with CD with 

active disease was significantly lower compared to those with CD in remission, CD 
active / CD remission ratio 0.65 (SE 0.11), p<0.002 (not shown in table). 
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Table 14: Plasma concentration of BA.  

 CD  
n=88 

CC  
n=88 

CD/CC p-
value* 

Primary BA     

Cholic Acids     

  Cholic Acid(CA) 25.34 (3.18) 25.42 (3.16) 1.00 (0.18)   0.985 

  Glycocholic Acid(GCA) 12.02 (4.92) 6.84 (1.99) 1.76 (0.82)   0.359 

  Taurocholic Acid (TCA) 7.63 (5.03) 4.04 (1.47) 1.88 (1.44)   0.537 

Chenodeoxycolic Acids     

  Chenodeoxycholic Acid (CDCA) 33.09 (8.85) 12.11 (1.66) 2.73 (0.86)   0.044 

  Glycochenodeoxycholic Acid 
(GCDCA) 18.50 (4.72) 13.20 (3.00) 1.40 (0.46)   0.385 

  Taurochenodeoxycholic Acid 
(TCDCA) 

7.51 (2.32) 6.68 (1.42) 1.12 (0.40)   0.758 

Total 104.09 (20.74) 68.30 (8.36) 1.52 (0.33)   0.112 

Secondary BA     

Deoxycholic acids     

  Deoxycholic Acid (DCA) 14.80 (2.22) 31.34 (5.42) 0.47 (0.11) <0.001 

  Glycodeoxycholic Acid (GDCA) 26.38 (4.71) 49.50 (15.00) 0.53 (0.18)   0.011 

  Iso-deoxycholic Acid (IDCA) 45.83 (4.97) 62.74 (7.66) 0.73 (0.11)   0.015 

  Taurodeoxycholic Acid (TDCA) 24.87 (6.12) 44.77 (12.05) 0.56 (0.19)   0.020 

  Hyodeoxycholic Acid (HDCA) 7.39 (1.43) 36.78 (9.09) 0.20 (0.07) <0.001 

Litocholic Acids     

  Lithocholic Acid (LCA) 15.53 (1.48) 38.85 (7.40) 0.40 (0.08) <0.001 

  Lithocholic Acid 3-Sulfate  
(LCA.3S) 

28.97 (4.89) 48.82 (6.50) 0.59 (0.12)   0.001 
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  iso-Lithocholic Acid (ILCA) 19.49 (1.51) 37.38 (5.27) 0.52 (0.07) <0.001 

  Glycolithocholic Acid (GLCA) 16.18 (2.99) 36.99 (9.82) 0.44 (0.15) <0.001 

  Taurolithocholic Acid (TLCA) 29.14 (4.00) 55.81 (12.35) 0.52 (0.15)   0.001 

  Taurolithocholic Acid 3-Sulfate 
(TLCA.3S) 

31.86 (3.90) 63.27 (7.95) 0.50 (0.08) <0.001 

Hyocholic acids     

  Glycohyocholic Acid (GHCA) 22.83 (6.89) 13.87 (2.42) 1.65 (0.58)   0.262 

  Taurohyocholic Acid (THCA) 4.94 (2.21) 3.33 (1.04) 1.48 (0.87)   0.581 

Ursodeoxycholic acids     

  Ursodeoxycholic Acid (UDCA) 5.10 (2.99) 1.70 (0.48) 3.00 (1.97)   0.310 

  Glycoursodeoxycholic Acid 
(GUDCA) 1.62 (0.27) 2.73 (1.32) 0.59 (0.28)   0.142 

  Tauroursodeoxycholic Acid 
(TUDCA) 

0.45 (0.12) 1.62 (1.17) 0.28 (0.21) <0.001 

Other bile acids     

  Muricholic acid (MCA) 24.50 (5.79) 18.31 (2.80) 1.34 (0.39)   0.390 

  Tauro-α-Muricholic acid (TaMCA) 21.71 (5.84) 19.83 (5.75) 1.09 (0.43)   0.826 

  7α-hydroxy-4-cholesten-3-one 
(C4) 

90.24 (3.29) 90.29 (2.94) 1.00 (0.05)   0.992 

Total 341.61 (35.42) 567.65 (72.16) 0.60 (0.12)   0.001 

Secondary BA/ primaryBA 6.50 (0.51) 12.05 (1.50) 0.54 (0.086) <0.001 

Data are presented as mean of an arbitrary unit, standard error in parenthesis, and the ratio between CD 
and CC (CD/CC ratio). CC =clean colon. CD = Crohn’s disease. * Wald test. Level of significance p<0.002.
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Table 15: Subgroup analysis. Plasma concentration of significant secondary BA. 

 CDrem n=53  CDrem/CC ratio p-value * CDact n=35 CDact/CC ratio p-value* CC n=88 

Deoxycholic Acid (DCA) 17.50 (3.61) 0.56 (0.15) 0.004 10.72 (2.72) 0.34 (0.11) <0.001 31.34 (4.86) 

Hyodeoxycholic Acid(HDCA) 8.46 (2.03) 0.23 (0.08) <0.001 5.78 (2.01) 0.16 (0.06) <0.001 36.78 (8.66) 

Lithocholic Acid(LCA) 15.83 (2.11) 0.41 (0.08) <0.001 15.09 (2.19) 0.39 (0.91) <0.001 38.85 (7.15) 

Lithocholic Acid 3-Sulfate(LCA.3S) 36.15 (8.54) 0.74 (0.19) 0.180 18.10 (3.45) 0.37 (0.09) <0.001 48.83 (6.95) 

iso-Lithocholic Acid(ILCA) 20.08 (2.06) 0.54 (0.09) <0.001 18.60 (2.71) 0.50 (0.09) <0.001 37.38 (4.90) 

Glycolithocholic Acid(GLCA) 19.59 (4.16) 0.53 (0.19) 0.012 11.01 (1.96) 0.30 (0.10) <0.001 36.99 (10.11) 

Taurolithocholic Acid(TLCA) 32.81 (5.50) 0.59 (0.16) 0.011 23.60 (4.74) 0.43 (0.14) <0.001 55.82 (12.74) 

Taurolithocholic Acid 3-Sulfate(TLCA.3S) 39.60 (5.51) 0.63 (0.12) 0.002 20.14 (3.48) 0.32 (0.07) <0.001 63.27 (7.43) 

Total  190.03 (24.71) 0.54 (0.10) <0.001 123.03 (17.72) 0.35 (0.07) <0.001 349.25 (44.00) 

Data are presented as mean of an arbitrary unit, standard error in parenthesis, and the ratio between CD and CC (CD/CC ratio). CDrem=CDremission, CDact=CD active disease. 
CC=clean colon * = Wald test. Level of significance p<0.002. 
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6 Discussion 

6.1 Appendicitis and subsequent risk of IBD 

In Paper I, we discovered an association between childhood appendicitis that was 

treated with appendectomy and a reduced likelihood of developing ulcerative colitis 
(UC) and Crohn's disease (CD) later on. A negative association was also found between 

childhood appendicitis treated without appendectomy (conservatively treated) and UC 

but not CD. 

There have been reports indicating an association between the appendix and various 

immunological functions in humans, suggesting that it could play a crucial role in 

maintaining intestinal health. Specifically, the appendix contains significant amounts of 
lymphatic tissue that produces an IgA biofilm, which is transferred to the colon 128. This 

mechanism could play and important role in in preserving the equilibrium between the 
microorganisms present in the colon and the immune system. Another theory suggests 

that the appendix may function as a reservoir that enables the rapid re-establishment 

of gut bacteria in the event they are eradicated from the colon, for instance due to 
antibiotics or infection 129.  

Previous studies have shown that childhood appendectomy is linked to various 
diseases, such as colorectal cancer 58, kidney disease 130, myocardial infarction 60 and 

mood and anxiety disorders 131, thereby suggesting that the appendix may have a crucial 

role in maintaining our overall health. In this context, evaluation of appendicitis in relation 
to risk for development of inflammatory bowel disease is highly relevant.  

Although the function of the appendix in maintaining overall health is contradicted by 
our data suggesting that surgical removal of the appendix reduces the risk of developing 

IBD, this finding can be explained by the following mechanisms: Firstly, histological 

studies of inflamed appendixes from patients with IBD have showed features consistent 
with the colonic mucosa 132, 133, which is different from the changes seen in acute 

appendicitis in non-UC patients. In UC patients, there is an excess of neutrophilic 

infiltration in the appendices, which suggests a skip lesion 134 or a priming site for UC 132. 
Therefore, the appendix may serve as a source of origin for IBD. Secondly: While the 

appendix may serve as a ‘safe house’ for important commensal bacteria in the gut, it 
may also function as a reservoir for gut bacteria involved in the pathogenesis of IBD in 

some individuals 135. Finally: the appendix contains substantial amount of IgA-producing 

B-cells and NK cells and constitutes a significant part of the gut-associated lymphatic 
tissue (GALT) system 55. Consequently, an imbalance in this system could trigger the 

development of IBD.  
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Our results confirm the results from two previous large population-based cohort studies 
22, 25 showing an inverse association between appendectomy before the age of 20 and 

later development of UC. With regards to CD, and in contrast to our results, two large 

registry-based cohort studies from Sweden and Denmark found an increased transient 
24 versus long-term 23 risk of developing CD after appendectomy. The heterogeneity of 

these results could be due to methodical differences regarding exposure (appendicitis 
vs. appendectomy) and study population (pediatric population vs all ages). None of the 

previous studies, investigated the association between appendicitis per se, without 

appendectomy, and IBD. Our study revealed a correlation between conservatively 
treated appendicitis and a reduced risk for UC, but not CD. This observation may 

suggest that the mechanisms that cause appendicitis also have a protective effect 

against UC, or that inflammation alters or destroys the appendix's function as a reservoir 
for commensal or pathogenic bacteria. Nonetheless, patients who undergo 

conservatively treated appendicitis could serve as a useful comparison group, as 
significant appendiceal functions may be preserved, potentially influencing the later 

development of disease. 

Strengths and limitations 
Paper I has several strengths, including a large sample size and the long follow-up 

period. The study is based on high-quality registries that cover all Swedish residents 
and the NPR has been specifically validated for use in IBD research 136. However, there 

are some potential weaknesses to consider. For example, the study had relatively small 

number of individuals (N = 1970) with conservatively treated appendicitis, which makes 
it difficult to draw conclusions about the relationship with IBD. Therefore, any, 

differences in outcome of conservatively treated appendicitis in the study may be 
speculative. In addition, the ICD-codes used in the NPR, for appendicitis and 

appendectomy have not been validated, as discussed further in chapter 6.4.2. 

6.2 Risk of IBD after bariatric surgery 

In Paper II we found an association between bariatric surgery (RYGB and SG) and an 

increased risk of CD and IBD-U. Upon subdividing bariatric surgery for analysis, RYGB 

was associated with increased risk of CD and IBD-U while SG was associated with 
increased risk of UC later in life. We also found an association between lower 

preoperative BMI and increased risk of IBD in the surgery group.  

Our results confirm a recent study from Denmark 45 which also showed an increased risk 

of developing new onset CD after bariatric surgery. However, the Danish study, unlike 

our study did not analyse the two treatment methods separately. In contrast to our 
results an American study showed lower prevalence of de-novo CD and UC among 

individuals operated on with bariatric surgery compared to individuals with persistent 
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obesity 46. The inconsistent results could be due to methodical differences such as lack 
of data on follow-up time and a control group with consistent obesity.  

One possible explanatory mechanism for the association between bariatric surgery and 

IBD may be changes in the gut microbiome resulted by the altered anatomical 
environment in the gut. After RYGB surgery, a decrease of Firmicutes and an increase of 

Bacteroidetes and Proteobacteria 71 in addition to increased microbial diversity and 
richness 71, 137, 138 have been observed. An increase in Bacteroidetes and Proteobacteria 

and a decrease of Firmicutes are also common findings after SG 71. Similar findings, i.e., 

decrease of Firmicutes and Bacteroidetes and increase in Proteobacteria are also 
frequently reported in IBD patients 71, 72. The common gut microbial findings in IBD 

patients and in patients operated with bariatric surgery may suggest a link between gut 

microbiota, bariatric surgery and development of IBD. 

Strengths and limitations 

The strength of Paper II is its large sample size and the utilization of high-quality national 
registers. SOReg includes almost all patients going though bariatric surgery in Sweden 123 

and NPR provides extensive coverage of both inpatient and outpatient specialist care 

visits. Furthermore, NPR has been validated for use of cases of IBD 136. In contrast to 
previous studies, we had access to information regarding the specific surgical methods 

used, namely RYGB and SG. 

One potential weakness of our study is the lack of information on weight among 

controls. The control group was drawn from the general population, so their weight 

distribution reflects that of the general population. Both over and underweight, has been 
identified as risk factors for CD, but not for UC 139, 140. Some researchers have proposed 

that the relation between BMI and CD is U-shaped rather than linear 141, 142. Therefore, 
weight could be a confounding factor in our findings. However, we observed that high 

BMI was associated with a lower risk of inflammatory bowel disease in the bariatric 

surgery group. Additionally, since SG has gained popularity more recently, we had 
relatively few individuals and shorter follow-up in the SG group. 

6.3 Metabolites in blood, dependent on gut microbiota 

Dysbiosis of the gut microbiota is frequently reported in UC and CD patients and it has 
been suggested to play an important role in the development and pathogenesis of IBD 10. 

While some studies have reported a microbial composition of the gut microbiota in IBD 
patients with reduced diversity, reduced Firmicutes and Bacteroides, and an increase of 

Proteobacteria 72, there is a considerable heterogenicity in reported results. This 

heterogenicity may be due methodological differences, as well as various known and 
unknown factors that can affect the gut microbiota, such as diet, medication and 

ethnicity. Furthermore, it should be noted that bacteria from the same species might 
not have the same functional capacity, as some genes may be more active in certain 
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bacterial strains. By studying small molecules, produced or transformed by commensal 
bacteria within cells, biofluids or tissues, we can gain a better understanding of 

microbiota host cross-talk 143 and the functional capacity of the microbiota. This 

approach can also uncover new biomarkers and insights into the pathogenesis of 
diseases 144.  

In Paper III and Paper IV, we investigated plasma concentrations of two groups of 
metabolites (SCFA and BA) which are highly influenced by the gut microbiota. SCFA are 

produced by the gut microbiota through fermentation of indigestible dietary fibres, 

while BA are transformed by the gut microbiota from primary BA to secondary BA. The 
aim was to evaluate if a “fingerprint” of the gut microbiota could be identified in plasma.  

In Paper III, we compared the levels of SCFA in plasma among individuals with IBD (both 

CD and UC) and those with a clean colon. Our univariate analysis showed lower plasma 
concentrations of succinic acid among individuals with IBD, but the results were not 

significant in multivariate analysis after adjusting for age, sex and diet. We obtained 
similar findings when we analysed the IBD group separately in terms of active disease 

and remission. Therefore, we concluded that SFCA levels in plasma may not be a reliable 

biomarker for IBD.  

The association between IBD and SCFA in plasma has previously only been evaluated in 

one small study including 15 individuals 145. SCFA levels in faeces in IBD patients are on 
the other hand more widely studied. A meta-analysis reported that intraluminal 

concentrations of lactate were lower, while concentrations of propionate, butyrate and 

valerate were higher among IBD patients in comparison to controls. Furthermore, there 
was an inverse relation between disease activity and intraluminal levels of butyrate 111. 

However, our study was unable to confirm these results as the modified plasma 
concentrations of SCFA may not necessarily reflect faeces concentrations. This is 

because a significant amount of SCFA is metabolized by the enterocytes and the liver, 

and hence, does not enter the systemic blood circulation.  

In Paper IV we discovered that the distribution of secondary and primary BA in plasma 

differed between CD and controls. Specifically, in comparison to controls, individuals 

with CD had lower plasma concentrations of most secondary BA including DCA, HDCA, 
LCA, LCA.3S ILCA, GLCA, TLCA and TLCA.3S. Additionally, we observed that plasma 

concentrations of selected secondary BA were significantly lower in active CD disease 
compared to CD in remission. 

Previous studies investigating BA levels in faeces in relation to IBD have demonstrated 

lower levels of the secondary BA such as LCA, TLCA in both CD and UC 146. Additionally, 
lower levels of the secondary BA, specifically LCA and DCA, have been observed in 

individuals with CD 147. A small cross-sectional study on both faeces and plasma that 
included 42 patients with IBD (12 CD and 30 UC) and 29 healthy controls showed a lower 
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proportion of secondary BA in plasma and faeces and a higher proportion of conjugated 
and sulfated BA in faeces among IBD patients in comparison to healthy controls 148. A 

study evaluating plasma concentrations only, showed decreased levels of LCA but 

increased levels of HDCA, both secondary BA in CD and UC respectively 149. 

Our study has confirmed the results from previous research which revealed lower levels 

of LCA and DCA in individuals with CD as well as lower levels of secondary BA in general. 
In addition, we showed that the reduction of certain BA was more significant in 

individuals with active CD compared to those in remission. 

The findings of our study can be explained by several mechanisms. The primary site for 
BA reabsorption is the terminal ileum, and bile acid malabsorption (BAM) is a common 

feature of CD, especially in cases with ileitis or ileal resection 150. However, BAM has also 

been observed in individuals with normal histology 151. The decrease in secondary BA and 
the increase in primary BA, although not statistically significant, could be explained by 

BAM, reduced entero-hepatic circulation and compensatory increased de-novo BA 
synthesis. The gut microbiota is responsible for metabolizing primary BA into secondary 

BA and thus, dysbiosis associated with IBD could also explain the altered BA 

composition in individuals with IBD. 

The first step in the formation of LCA and DCA is conducted by the bacterial enzymes, 

bile salt hydroxylase (BSH) and 7--hydroxylase. While BSH is found in all major 

bacterial phyla of the gut microbiota, 7--hydroxylase is expressed by single bacteria 

such as Clostridium and Eubacterium 114. Decreased abundance of the Firmicutes phyla, 

including e.g. Clostridium and Eubacterium rectale have been reported in CD 114. This 
indicates a possible link between dysbiosis, CD and altered bile acid composition and 

illustrates the importance of the gut bacteria in this context.  

Both SCFA and BA have multiple functions that are closely linked to the immune system. 
For example, SCFA are involved in neutrophil migration to inflammatory sites, 

maintaining the integrity of the intestinal barrier, promoting the differentiation of 
immune cells and inhibiting proinflammatory cytokines 109. Bile acid activated receptors 

(BAR), which are primarily expressed along the GI tract and on immune cells such as 

Faensoid x-receptors (FXR) and Pregnane x-receptor (PXR) play a critical role in 
immunological functions including regulating the inflammatory response and maintaining 

the intestinal barrier114 .Therefore, a disruption in the SCFA and BA composition could be 

a contributing factor to the immune dysfunction observed in IBD patients 109, 114. 

Strengths and limitations 

One of the major strengths of Paper III and Paper IV is that the data were obtained from 
a large population-based cohort (KOLBIKAKT) with a high level of compliance to a 

comprehensive lifestyle questionnaire. This questionnaire contained detailed 

information on the participants' dietary and lifestyle habits, bowel habits, and other 
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clinically important data, such as previous surgery and endoscopic disease activity, all of 
which were objectively collected. 

The use of this cohort allowed us to account for differences in antibiotic treatment or 

diet. In Paper IV we only included individuals who had not received antibiotic treatment 
in the three months prior to inclusion. Antibiotics can significantly impact the gut 

microbiota 152, 153, and previous or ongoing treatment could potentially skew the results. 
This approach also enabled us to rule out any possible differences in dietary intake 

between the groups. 

However, the studies have some potential limitations. Blood samples were taken before 
colonoscopy, after participants had undergone bowel preparation and were fasting 

which could potentially impact our results or mask any possible differences in outcome 

between groups. Furthermore, the IBD patients in our cohort were not treatment-naïve, 
and the effects of medications used to treat IBD on the gut microbiome are still 

unknown. 

 

6.4 Methodical considerations 

The accuracy of a study is dependent on its precision and validity. Precision mainly 
depends on random errors and sample size. It is most often expressed by confidence 

intervals (CI) and p-values. A wider CI means poorer precision. The p-value refers to the 
probability to find results at least as extreme as the results observed under the 

assumption that the null hypothesis is true. Validity is divided into external and internal 

validity. While external validity refers to generalizability and whether the results of the 
study can be used in other populations the internal validity refers to whether the study 

measures what it is intended to do. Internal validity is dependent on different type of 

bias (systematic errors). 

6.4.1 Precision  

Paper I and II are studies based on Swedish National registers with large sample sizes. 

However, subgroups in both studies were relatively small (conservatively treated 

appendectomies in paper I and Sleeve gastrectomy in paper II) resulting in varying 
precision in both studies. In paper III and IV the results are based on a smaller cohort, 

but at the same time, they represent an intervention study that is much larger 
compared to previously published cohorts. 

6.4.2 Validity 

External validity 

Paper I and II are population-based studies based on a Swedish national register 



 

 49 

covering almost all Swedish residents, which means that results may be generalizable to 
other populations with a similar demography. The generalizability of the results 

presented in Paper III and IV poses some challenges. A significant number of individuals, 

both with and without confirmed intestinal disease, declined to participate in the study. 
Although we did map the reasons for non-participation, we cannot dismiss the 

possibility that these individuals may have shared a common biology that could have 

potentially influenced the study results. In addition, all participants were referred to 

Danderyd hospital, which is a tertiary centre for colonoscopy. Therefore, our sample 

might not be representative for the entire population. 

Internal validity 

Misclassification (information bias) refers to the assignment of study participants to the 
wrong category and can occur at any stage of a study. It is categorized as either non-

differential or differential misclassification. Non-differential misclassification are random 
errors that typically lead to an underestimation of the true effect size, resulting in bias 

towards the null hypothesis. In contrast, differential misclassification is non-random and 

differs between groups which could lead to false associations. 

Paper I and II included diagnostic data from the NPR. While data from NPR is generally 

considered to have high validity 119, it is important to note that not all disease groups 

have been separately validated. In Paper I, there were two groups under observation: 
patients treated for appendicitis with appendectomy, defined by ICD codes for both 

appendicitis and appendectomy, and patients treated conservatively for appendicitis, 
defined by ICD codes for appendicitis and the absence of any codes for appendectomy 

in the NPR. Since our study utilized data from 1973-1997, a time period when 

preoperative radiologic diagnostics and postoperative pathological examinations were 
not routinely conducted, it is possible that some individuals in the appendicitis group 

were actually experiencing abdominal pain due to causes other than appendicitis. 

In Paper I and II the outcome diagnoses (UC, CD and IBD-U), are based on ICD-codes 

registered in the NPR. The accuracy of these diagnoses has previously been validated 136 

and are considered to have high validity. However, changes between subtypes can 
occur, particularly in the early stages of a disease, which can potentially result in 

misclassification. Nevertheless, in our studies, the changes from the original 
classifications to different subtypes appear to be similar between all groups 13. 

Furthermore, we utilized the most recent classification of IBD diagnosis in the NPR to 

distinguish between subtypes, as we believe the that the most recent diagnose is likely 
to be more correct. Nevertheless, we believe that the misclassification of IBD outcome 

diagnoses is in the current studies is most likely non-differential. 

In Paper II we observed a higher risk of IBD following bariatric surgery. However, it is 
important to note that individuals who have undergone bariatric surgery often suffers 
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from abdominal pain, which may result in a higher likelihood of referral for colonoscopy. 
As a result, individuals with asymptomatic IBD may be more likely to be identified in the 

bariatric surgery group. Therefore, we cannot rule out that our results may be influenced 

by referral bias. 

Selection bias arises when the process of sample selection fails to accurately 

represent the target population. In Paper III and IV there were one major potential 

source of selection bias. The control group comprising individuals without confirmed 

intestinal disease or pathological findings was referred for colonoscopy for some reason. 
Consequently, they cannot be considered a genuinely healthy control group, which 

poses challenges to the generalizability of the study findings.  

Confounding is a variable associated with both the outcome and exposure but is not a 
direct link between them. It is important to note that this variable may be unevenly 

distributed between exposure groups, which can lead to alternative explanations for the 
observed association between exposure and outcome. However, there are various 

methods to handle confounding, such as restriction, randomization, matching, 

regression analysis and stratification. Despite controlling for confounding, residual 

confounding may still be present in observational studies, which can lead to 

distortion in the results.  

In Paper I, the exposed and the unexposed group were matched according to sex 
age and region of residence. The covariates were evenly balanced between the 

groups except for the sex distribution when the exposed groups were subdivided 

into appendectomy and conservative treatment. This difference was adjusted for in 

the regression analysis.  

In Paper II, all covariates except weight were evenly balanced between groups. There 

was no available information on weight among unexposed individuals, which is a 

potential source of bias (previously discussed 6.2). In a subgroup analysis, the sex 
distribution differed between RYGB and SG. This difference was adjusted for in the 

regression analysis.  

6.4.3 Multiple hypothesis testing. 

Statistical hypothesis testing involves two types of errors, type I and type II errors 154. 

Type I error occurs when a null hypothesis that is true is rejected, while a type II error 

occurs when a false null hypothesis is not rejected. The p-value represents the 
probability of obtaining results at least as extreme as the ones observed, assuming that 

the null hypothesis is true. In medical research, the critical level of significance is 

typically set at p<0.05, which means that the probability of making a type I error is in a 
single hypothesis test is less than 5%.  
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When multiple hypothesis tests are conducted, the probability of obtaining at least one 
significant test increases. Specifically, the probability of obtaining at least one 

statistically significant result when performing multiple tests is calculated as 1-0.95n, 

where n represents the number of statistical tests performed 155.  

In Paper IV we tested for difference in mean levels of 25 BA between CD and CC. To 

keep the overall critical level of significance at 0.05, the critical level of significance for 
each test was adjusted by Bonferroni correction 127 . In paper IV, 0.05 was divided by the 

number of tests, i.e., 25. Thus a p-value <0.002 for each specific test was considered 

statistically significant.   

Although Bonferroni’s correction is the most widely used methods to control for type 1 

error, it has its downsides. When reducing the critical level of significance, the 

probability of making a type II error increase.   

In Paper I-III, a p-value of 0.05 was considered significant since the numbers of test 

were few.  
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7 Conclusions 
Paper I: 

Appendicitis, treated with appendectomy before the age of 16 is associated with 

decreased risk of inflammatory bowel disease, both ulcerative colitis and Crohn’s 
disease, later in life, whereas conservatively treated appendicitis is associated with 

decreased risk of ulcerative colitis only. 

Paper II: 

Roux-en-Y gastric bypass is associated with increased risk of development of Crohn’s 

disease and inflammatory bowel disease-unclassified, but not ulcerative colitis. Sleeve 
gastrectomy is associated with increased risk of development of ulcerative colitis but 

not Crohn’s disease and inflammatory bowel disease-unclassified. 

Paper III: 

Inflammatory bowel disease does not have an impact on the levels of short-chain fatty 

acids in the systemic circulation, as measured in plasma. 

Paper IV: 

Plasma concentrations of secondary bile acids are lower in individuals with inflammatory 

bowel disease compared to controls. The findings are more prominent in active disease 
indicating an association between disease severity and secondary bile acid 

concentrations.  
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8 Future perspectives 
Over the last few decades, significant progress has been made in the field of gut 
microbiota and its relation to inflammatory bowel disease. This progress is evident from 

the exponential rise in publications that have explored the gut microbiota’s role in IBD. 
However, despite these efforts, a well-described causal relationship is yet to be 

established, since most studies conducted are observational in nature. In order to 

advance from a correlation to a causality framework, experimental studies need to be 
conducted. Hypothesis-generating studies must be followed by hypothesis- testing 

studies.  

This thesis involved a significant amount of effort towards the collection of tissue 

samples and the creation of the “KOLBIBAKT” database. However, even after the 

completion of two studies included in this thesis, a major portion of the collected 
material still needs to be analysed.  

The next step in the current research involves analysing the microbiota in detail and its 
association with biomarkers and IBD. Until now, the possibilities for analysing the 

bacterial composition in the gut have been limited, resulting in small, published studies. 

However, new analytical methods based on powerful DNA sequencing techniques 
provide us with greater opportunities to map the bacterial composition in the gut in 

relation to various diseases. 

In this future study, our samples will be analysed with respect to the bacterial 
composition in relation to potential biomarkers in plasma, as well as data in the lifestyle 

questionnaire in relation to IBD. To achieve this, we will carry out DNA sequencing, 
genetic investigations on the intestinal mucosa (metagenomics), and analysis of plasma 

samples in collaboration with the Centre for Translational Microbiome Research at 

Karolinska Institutet. The aim is to determine if specific bacterial compositions related to 
inflammation can be identified through different combinations of biomarkers in plasma. 

If the bacterial composition is found to be specific to IBD and can be detected through 
plasma biomarkers, then it may be possible to detect IBD at an earlier stage and better 

monitor the disease during treatment. Early detection and monitoring can optimize 

treatment and reduce the risk of requiring major surgery. 

The project's interdisciplinary approach, combining important clinical questions with 

advanced microbiological analyses, will provide unique information. This project serves 
as a good example of how translational research could be implemented in clinical 

practice and contribute to the advancement of the surgical research field. 
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