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POPULAR SCIENCE SUMMARY OF THE THESIS

Microscopic colitis is the most recently recognized inflammatory condition of the large
intestine. At present, more than 10,000 people in Sweden are estimated to be living with the
disease. Previously, insufficient awareness and knowledge of microscopic colitis have led to
underdiagnosis of the disorder leaving patients untreated. As the term microscopic implies, a
microscopic evaluation of a tissue biopsy from the large intestine is required to establish a
diagnosis of microscopic colitis. Therefore, access to colonoscopy and knowledge of the
typical histopathological findings are required in the diagnostic process. Further, missed
diagnoses due to insufficient awareness have hampered the ability of researchers to conduct
large-scale studies on prognosis, associated disorders and outcomes. In this thesis, we aim to
assess the reliability of histopathological data when identifying patients with microscopic
colitis. Also, we examine the incidence of microscopic colitis between 1995 and 2015.
Moreover, we assess the risks of death and cancer in patients with microscopic colitis and
also the risk of later microscopic colitis in patients with celiac disease.

After having conducted these studies, we confirm a high accuracy regarding microscopic
colitis in Swedish pathology registries. Our incidence study reveals a substantial increase of
microscopic colitis during the past decades, but with stabilizing rates from 2010-2015. Also,
patients with microscopic colitis are at an increased risk of death. However, the increased
mortality seems to be associated with concomitant disorders and not with microscopic colitis
in itself. Furthermore, we have found a modestly (+8%) increased risk of cancer in patients
with microscopic colitis. It is possible that this risk is partly attributable to an increased
surveillance of these patients. Finally, we show that patients with celiac disease are at an
elevated risk of developing microscopic colitis



ABSTRACT

Microscopic colitis (MC) is the most recently recognized inflammatory condition of the large
intestine. MC is an umbrella term for two disease entities, namely lymphocytic colitis (LC)
and collagenous colitis (CC). These subtypes are distinguished by their histopathological
presentation and cannot be separated based on clinical observation or symptoms. The most
prominent clinical presentation is watery, non-bloody diarrhea. However, a proportion of
patients also suffer from abdominal pain, weight loss, fecal incontinence and reduced quality
of life. MC primarily affects the elderly and shows a clear female preponderance with some
2/3 of patients being women. Large scale, epidemiological research of the disease has
historically been hampered by insufficient awareness. Therefore, using data from Swedish
health care registers, this thesis aims to elucidate temporal patterns of MC as well as the
association with mortality, cancer and celiac disease (CD).

In study I, we examined the validity of having a MC diagnosis recorded in Swedish regional
pathology registers. Through manual review of medical charts (n=211), carried out by two
independent reviewers, we computed a positive predictive value for MC of 95%. Thus, we
concluded that Swedish pathology registers are a reliable source for identifying patients with
MC.

In study II, we identified every patient with a first-time diagnosis of MC recorded in Swedish
pathology registers from 1995-2015. Using this cohort, we examined temporal trends, age
distribution and sex differences in MC. As expected, a majority of patients (72%) were
female and mean age at diagnosis was 60.2 years. Incidence rates increased appreciably from
1995 to 2012, after which rates have stabilized. The mean age-standardized incidence rate
from 2006 to 2015 was 10.5 cases/100,000 person-years, with a female to male incidence rate
ratio of 2.4, adjusted for age and calendar period. When analyzing age-specific incidence,
incidence rates increased up to 75-79 years after which they declined. Furthermore, we
estimated that during a life-time 1 in 115 women and 1 in 286 men are expected to be
diagnosed with MC.

In study III we examined mortality in patients with MC. This was done using a matched
cohort study design where each exposed individual (MC) (n=14,333) was matched according
to age, sex, county of residence and year of biopsy to five reference individuals from the
general population. During the study period (1990 to 2017) patients with MC had a higher
probability of death. However, after adjustment for comorbidities the association vanished.
Thus, we concluded that the increased risk of death is attributable to the burden of
concomitant disease.

Study I'V aimed to investigate the association between MC and cancer. Again, this was done
using the matched cohort design described above. In total, we identified 11,758 patients
diagnosed with MC between 1990 and 2016 with MC that were matched to 50,828 reference
individuals. After adjustments for the matching variables and comorbidities (CD and
diabetes), we estimated an adjusted hazard ratio (aHR) of 1.08 (95%CI=1.02-1.16) for overall
cancer. In secondary analyses, we found a decreased probability of colorectal cancer (aHR,
0.52 (95%CI_0.40-0.66)). The same pattern was observed for gastrointestinal cancers overall
(aHR, 0.72(95%CI1=0.60-0.85)).

In study V we examined the association between CD and MC. Using the same matched
cohort study design described above, we identified 45,267 patients with CD and 224,568
reference individuals between 1990 and 2016. 456 patients with CD were diagnosed with MC
during the study period compared to 198 reference individuals that developed MC during the
same period. These figures correspond to an aHR of 11.5 (95%CI=9.3-13.7). However, as the



proportional hazards assumption was violated, the main result should not be interpreted as the
probability for a CD patient to develop MC at any instant during the study period compared
to the reference population, but rather a mean aHR based on all lengths of follow up.
However, as the increased risk remained even after >10 years of follow up, our results
indicate that the concomitance of these diagnoses should be considered if symptoms persist or
reoccur despite a gluten free diet.
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1 INTRODUCTION

Microscopic colitis (MC) is the most recently recognized inflammatory condition of the
large intestine. Greater awareness of MC has had a substantial impact on the likelihood of
an affected individual receiving a correct diagnosis and adequate treatment. Moreover, a
natural consequence of the disease being described rather recently has been the difficulty of
studying long-term outcomes and associated disorders on a larger scale.

As the term microscopic indicates, a microscopic examination of a biopsy from the colonic
mucosa is required to diagnose the condition. As there are no pathognomonic macroscopic
aberrations in the colon, a correct diagnosis is further dependent, not only on the access to
colonoscopy, but also on the colonoscopist’s inclination to take biopsies that in turn are
correctly classified. Based on the histopathological presentation, MC 1is further
characterized as either lymphocytic colitis (LC) or collagenous colitis (CC). Although
histologically distinct, there is no difference in the clinical presentation of these entities,
which underscores the importance of examining whether they differ in other aspects, for
example with regard to patient characteristics or associated outcomes and disorders.

In this thesis, based on five studies, we aim to describe the epidemiology of MC in Sweden
as well as to examine associated disorders. Furthermore, we assess the reliability of using
data from pathology registries when identifying patients with MC. Our hope is that this
knowledge will enable more large-scale studies on MC and to illuminate associated risks in
order to minimize detrimental impact on health and quality of life for the affected patients.






2 BACKGROUND

2.1 DEFINITION OF MICROSCOPIC COLITIS

The definition and diagnosis of MC is based on histopathological examination. The
phenotypic characteristic for LC is an intraepithelial lymphocyte (IEL) count exceeding
20/100 epithelial cells whereas colitis CC is characterized by a collagenous band in the
colonic mucosa measuring more than 10 micrometers.

In cases where patients experience typical symptoms and the histopathological examination
reveals an elevated IEL count and/or a thickened collagen layer, but not to the extent to
fulfill the criteria for CC or LC, a third subtype, the term “MC incomplete” has been
proposed!.

2.1.1 CLINICAL PRESENTATION

The most prominent symptom in MC is watery, non-bloody diarrhea, although other
symptoms such as weight loss and abdominal pain? have been reported. Some patients may
also experience urgency, nocturnal diarrhea, and fecal incontinence’. The severity of
symptoms may, however, differ substantially between patients. Although MC is generally
considered a benign condition, there is a well-documented detrimental effect on quality of
life for the affected individuals*. Moreover, even in cases in which clinical remission
(defined as <2 stools per day) is attained, extra-intestinal symptoms such as fatigue and
abdominal pain can persist®. In a 2021 prospective cohort study that included 381 MC
patients who were followed for one year, 49% had a chronic active or relapsing course of
the disease, whereas 40% experienced a prolonged remission after treatment and 11% had
no signs of disease’.

2.1.2 ETIOLOGY

The understanding of the etiology of MC is incomplete. Generally, the pathogenesis is
considered multifactorial, including a mucosal inflammatory response to a luminal irritant
occurring in a genetically predisposed individual®.

2.1.2.1 GENETICS

While there are reports on familial clusters of MC’#, the analyzed datasets have generally
been small and therefore unsuitable to form the basis for firm conclusions regarding
heritability. Instead, studies aiming to examine the role of genetics in MC have focused on
identifying genetic markers associated with the disease. A Swedish case-control study® found
a significant connection to alleles contained in the HLA region on chromosome 6 in patients
with CC. However, in a follow-up study of patients with LC, the same association could not
be seen'®. Furthermore, the haplotype with the strongest association regarding risk of CC
carries the DQ2.5 molecule resembling earlier findings in patients with celiac disease (CD)!,
thus implicating a similar pathogenic mechanism.

2.1.2.2 LUMINAL FACTORS AND THE MICROBIOME

In at least two studies,'>!3 in which a temporary ileostomy had been deemed necessary to

alleviate symptoms in therapy resistant CC patients, diversion of the fecal stream was
associated with normalization of the colonic mucosa.

Interestingly, the thickened collagen layer reappeared following restoration of colon
continuity. These findings highlight the role of luminal factors in the pathogenesis of MC as
well as suggesting an important part played by the microbiome. In a 2020 study'* which



examined the microbiome in stool samples from patients with MC, IBS and healthy controls
had an increased dysbiosis index in patients with MC compared to controls (healthy and
patients with IBS).

When examining microbiome diversity in the stool samples (i.e. alpha diversity), the authors
found diversity was lowered compared to diversity in controls. Furthermore, from a 2019
study'® examining the effect of budesonide on the microbiome in patients with MC, the alpha
diversity increased, mirroring that in healthy controls.

2.1.2.3 BILE ACID MALABSORPTION

Bile-acid malabsorption has been proposed to contribute to the pathogenesis of MC. A
Swedish cohort (n=28) consisting of patients with CC was assessed for bile-acid
malabsorption with a 73Se-homocholic acid taurine test. The authors noted that bile-acid
malabsorption was found in 44% of patients and that these individuals responded to a
higher degree to a bile-salt-binding agent. These results were corroborated in 2001 in a
Spanish study in which the authors also presented evidence for bile-salt malabsorption
often being a concomitant condition in LC.

2.1.2.4 EPITHELIAL FACTORS

An increased epithelial permeability has been observed in patients with MC!®!”. This, in turn,
may facilitate an influx of a noxious luminal agent triggering an inadequate immune
response, aided by a dysfunctional HLA system?. In the case of LC, the increased epithelial
permeability has been attributed to paracellular components, namely tight-junction proteins
claudin -4, -5 and -8'7. As for CC, the thickness of the collagen layer has been reported to
correlate to the intensity of symptoms!'8, However, more recent studies!® indicate that an
impaired function of tight-junction proteins cause impaired absorption of sodium and
chloride, partly explaining the watery diarrhea which is the most prominent symptom in MC.

2.1.3 RISKFACTORS

2.1.3.1 SEXAND AUTOIMMUNITY

Several risk factors have been established. Female sex and increasing age are the two most
important risk factors?® for both LC and CC. The female preponderance is an attribute shared
with many autoimmune diseases which in turn are also considered important risk factors. In a
2004 retrospective cohort study?' of 199 patients with LC recruited from Swedish
gastroenterology clinics, 40% had at least one concomitant autoimmune or inflammatory
disease with thyroid disease, CD and diabetes mellitus type 1 being the most common. The
relationship to autoimmunity was further examined by a Danish team in 2021?22, where 16
autoimmune conditions were shown to have a significant connection to MC.

2.1.3.2 MEDICATION

A clear correlation between MC and the use NSAIDs and PPIs?® has been established. In a
2015 systematic review and meta-analysis, Tong?* et al. reported a significant association
(OR 2.41) between MC and the use of selective serotonin reuptake inhibitors (SSRIs). This
correlation was corroborated by a 2014 Danish case-control study? in which the exposure
variable was dispensation of these medications during the year prior to MC diagnosis.
Furthermore, the authors also reported significant associations between both LC and CC and
the usage of statins (ORs 1.25 and 1.29, respectively). However, when using patients with
chronic diarrhea as controls?®, an inverse association with regard to the use of proton-pump
inhibitors, H2-blockers and oral diabetes medications was observed. This may suggest that



the cause for colonoscopic evaluation (diarrhea) in this group is a side effect of these
medications rather than a triggering event.

2.1.3.3 SMOKING

Several studies have found a correlation between smoking and MC. A prospective study
conducted in Spain in 2011 found that smokers, on average, are diagnosed with MC more
than 10 years earlier than non-smokers?’. In a large cohort study, the hazard ratio (HR) of
developing MC in smokers or past smokers was 2.5 and 1.5, respectively?®. These findings
were similar to the results reported in a 2019 systematic review and meta-analysis?
examining the correlation between smoking and MC. The authors found a significantly
higher risk for MC among smokers compared to non-smokers. The risk for past smoking was
also elevated, albeit to a lesser extent than for current smoking. Since smoking clearly has an
impact on the course of MC, it is sometimes an important confounder (e.g. in studies of
cancer and mortality). In a Swedish cohort study? (n=795) the authors found a prevalence of
smokers (current or former) of 58% among patients with CC. The corresponding figure for
LC was 51%. A systematic review® conducted in 2012 found the pooled prevalence of
smokers to be 41% among patients (n=410) with CC and 56% (n=724) amongst those with
LC. For comparison, the Public Health Agency of Sweden estimates that, as of March 2022,
6% of the Swedish population between ages 18-64 are daily smokers®'.

To conclude, smoking seems to be associated with an earlier onset of MC. The MC excess
risk remains elevated, and to a lesser degree, even after smoking cessation. Moreover, past or
current smoking seem to be a common trait amongst patients with MC.

2.1.3.4 SOLID ORGAN TRANSPLANT AND MALIGNANCY

A 2008 population-based cohort study found an increased risk of MC in patients with a solid-
organ transplant®?. ;Moreover, from a North American population-based study**, an increased
relative risk of MC was found among women older than 65 years of age with current or past
malignant disease. It is, however, unclear whether the observed associations were due to the
disease in itself or the treatment given.

2.1.3.5 INFECTIONS

Enteric infections have been proposed to contribute to the development of MC 3+, although
the underlying data for these claims have generally been limited. In a 2020 population-based
study from Denmark, researchers found a significantly increased risk for future MC in
patients with a diagnosis of Campylobacter concisus®®. The nature of this association,
however, is currently unclear.

2.2 EPIDEMIOLOGY

2.2.1 INCIDENCE

As pointed out in the introduction, a diagnosis of MC is preceded by a colonoscopy
(typically of a patient suffering from watery diarrhea) with representative biopsies which, in
turn, are assessed by a pathologist. Consequently, incidence will reflect the rate at which
colonoscopies are performed, as well as the inclination to take biopsies and the awareness
of these diagnoses among pathologists. As CC was first described in 1976%, and LC in
198938, one can assume that a changing awareness of these diseases has strongly influenced
their incidence estimates. Moreover, the general nature and varying degree of severity of
the symptoms associated with MC poses a risk of erroneous diagnosis of MC as different
functional disorders. In a 2016 systematic review and meta-analysis, the authors found that
9.8% of patients with diarrhea- dominant IBS had a diagnosis of MC3°, whereas



approximately 40% of patients with MC had a diagnosis indicating a functional bowel
disorder.

Given the specific procedure needed to identify MC, there is a risk of the condition not
being diagnosed. The magnitude of this limitation is difficult to estimate, but access to, as
well as the cost of performing, colonoscopies probably affect incidence rates. Also, the
number of biopsies will influence the sensitivity of the diagnostic process. Primarily, this
applies to CC since the thickened collagen layer associated with this diagnosis tends to
occur in patches, whereas the increased count of intraepithelial lymphocytes (in LC) tends
to be more general.

As in all epidemiological research, there is a risk of misclassification, resulting in both false
positives and false negatives. Since most large-scale incidence studies use histopathological
records, the false negatives will remain undetected. However, the risk of false positives
may be estimated by validating the histopathological finding according to patient charts. To
our knowledge, only one?® of the nationwide studies is based on validated material.

Previous studies on the incidence of MC generally show an upward trend during the last
decades, with figures ranging from a mean annual incidence of 3.4 cases/100,000 person-
years in the Netherlands during the period 2000-20124° to 21.0 cases/100,000 person-years
from 2002-2010, in a regional cohort study performed in Olmsted county, Minnesota,
USA*! Interestingly, a subsequent incidence study from Olmsted County performed in
2019 showed that incidence rates had stabilized*> but that prevalence had increased,
perhaps due to increased life expectancy. A similar pattern has been observed in Denmark,
where a 2015 nationwide incidence study® found increasing incidence rates from 2002 to
2011. When reexamining incidence in 2020, the authors found that incidence rates had
stabilized since 2012*. Apart from an increased access to colonoscopy, these findings may
indicate an abating effect of awareness on incidence estimates.

A 2015 systematic review and meta-analysis of 25 studies estimated a combined incidence
of LC and CC of 8.99 (4.14 for CC and 4.85 for LC) cases per 100,000 person-years®*.
However, ranges of the annual incidence per 100,000 person-years were wide (0.8-10.8 and
0.55-16 for CC and LC, respectively), reflecting varying distributions of subtypes between
studies. Moreover, the authors of this systematic review also examined distribution of
subtypes and found that eight of the included studies showed a majority of cases being CC.
Of the five nationwide studies conducted to date, four show a preponderance of CC4044-46
and only one show a majority of cases being LC?. Since LC and CC are difficult to
separate clinically, the subtype assigned is determined by the pathologist’s evaluation. The
issue of observer variability was addressed in a Swedish cohort study? in which 92% of
cases matched the original assessment when re-evaluated by an experienced pathologist.
However, a Danish study*’, designed to assess inter-observer and intra-observer variability
found that pathologists were less successful in differentiating MC incomplete from CC and
LC.

Female sex is associated with an increased risk of MC. To our knowledge, the female
preponderance is supported by all population-based studies on MC. The 2015 meta-
analysis*®, in which all included studies observed a female predominance, reported IRRs
ranging from 2.8 to 7.9 for CC and 1.1 to 5.0 for LC.

Also, there is compelling evidence that MC predominately affects the elderly. In the 25
studies included in the systematic review and meta-analysis mentioned above*®, the median



age at diagnosis for CC and LC varied between 57.8 and 71.0 years and 59.0 and 70.0
years, respectively.

Due to the limited understanding of the pathophysiology in MC, it is difficult to decide to
what degree geographical variations in incidence rates may be related to awareness and
access to colonoscopy and not biological. Naturally, the true incidence rates of MC may
very well vary between countries due to genetic and environmental factors. Looking at
geographic variation, a north-south gradient seems to be present. Tong et al.*® analyzed
incidence rates reported in studies performed in Southern Europe, Northern Europe and
North America and found significantly higher incidence rates of CC in the northern regions
compared to southern Europe. In the case of LC, however, the findings did not attain
statistical significance. Moreover, given the scarcity of incidence studies from developing
countries, this gradient is difficult to assess on a global scale. At a national level, substantial
regional variation has been reported in Denmark*. The observed differences were
attributed to varying awareness of the disease and variation in the presence of risk factors®.

2.2.2 PREVALANCE

The prevalence of MC has been studied on a few occasions. A retrospective cohort study*!
performed in Olmsted County, USA, showed that the prevalence of MC colitis at the end of
2010 was 219 cases per 100,000 inhabitants. In the 2021 follow-up study*?, prevalence, at
the end of 2019, had risen to 246 cases per 100,000 inhabitants. In a population-based
study®® conducted in Terrassa, Spain, a prevalence of MC of 107 per 100,000 inhabitants
was reported.

2.3 TREATMENT

The corticosteroid budesonide has proven to be an efficient treatment for both CC and LC in
randomized controlled trials’'*2. Both these studies evaluated clinical as well as
histopathological remission. Symptomatic treatment, such as loperamide, is often prescribed,
although studies to assess the efficiency of these treatments are lacking. Furthermore, the
American Gastroenterological Association Institute’s Technical Review on the Medical
Management of Microscopic Colitis>> published in 2016 states that Budesonide was the only
treatment supported by high-quality evidence. Results for other treatments, (e.g. Mesalazine,
Bismuth, probiotics or Prednisolone) were considered inconsistent. In severe budesonide-
resistant cases, biological treatment (Anti-TNF) has been successfully prescribed. In 2017, a
case series of 73 patients® with budenoside-refractory MC, budesonide dependence or
budesonide intolerance was published. The majority of cases were given thiopurines. Others
received methotrexate or anti-TNF. A majority of cases had a favorable outcome.

To conclude, budesonide is the most well-documented and efficient intervention available for
treating MC. Solid evidence on the efficacy of other options is missing.

2.4 ASSOCIATED OUTCOMES

Complications related to MC are considered rare’. In a Swedish case-control study from
2012 which included 277 MC cases from a regional hospital and 831 matched controls, the
authors found that patients with LC or CC were more troubled by abdominal pain and fatigue
compared to healthy controls. Cases also had a significantly lower quality of life.

2.41 CANCER

MC is considered an inflammatory condition with an immune-mediated etiology. Such
disorders are generally considered to be associated with an increased risk of cancer’’. Many
of these conditions, including MC>¥%, have also have been strongly linked to non-Hodgkin



lymphoma (NHL). However, large-scale population-based studies on cancer risk in MC have,
until recently, been scarce. Studies have, primarily, been focused on the risk of colorectal
cancer, with some results®'-** pointing toward no association whereas other, more recent and
larger studies, are suggesting a significantly lower risk of such cancers®*®. There are also
reports on extracolonic cancers in patients with MC 20:01:6667 Data from those studies indicate
an increased risk of lung cancer (which most likely is explained by the higher prevalence of
smoking in patients with MC), but also lymphoma. Furthermore, some patients with MC
receive anti-TNF-treatment, and a 2006 systematic review and meta-analysis®® found an
increased risk of cancer in patients with rheumatoid arthritis treated with infliximab or
adalimumab. Moreover, a French observational cohort study® conducted on almost 20,000
patients with inflammatory bowel disease (Crohn’s disease, ulcerative colitis or unclassified
inflammatory bowel disease) found a roughly five-fold increased risk (HR 5.28) of
lymphoproliferative disorders (mainly NHL) for patients treated with thiopurines compared
to those naive to that drug. A prospective cohort study’ performed on the same cohort found
an increased risk for non-melanoma skin cancer among patients previously or currently
treated with thiopurines (hazard ratios 3.9 and 5.9, respectively)

2.4.2 CELIAC DISEASE

The relationship between CD and MC has long been a matter of interest. However,
adequately powered studies with a high degree of generalizability are rare. A number of
studies examining the association between these disorders have found a significantly
increased risk of MC in patients with CD (or CD in patients with MC)7! 72 33 73 74 75 2 76,
However, these studies have generally been small and/or based on data from tertiary centers.
A 2021 population-based case-control study from Denmark assessed the presence of various
autoimmune disorders in MC and the authors reported an OR of 10.15 for CD.

2.4.3 MORTALITY

As mentioned earlier, autoimmune and inflammatory conditions are overrepresented among
patients with MC””. Also, some of the pharmacological interventions are associated with an
increased risk of cancer®® . Moreover, it is well established that MC is a disease that
primarily affects the elderly. Although the intensity of symptoms varies between individuals,
a detrimental effect on quality of life has been observed®®. Other inflammatory conditions
affecting the large intestine include ulcerative colitis and Crohn’s disease, which are both
linked to an increased risk of mortality’s.

Nevertheless, the prevailing view has been that MC is not associated with increased
mortality. In 2016, this view was expressed in the Technical Review and Summary Statement
for Management of Microscopic Colitis from the American Gastroenterology Association’?.
However, this assertion was not backed up by any referenced material. Recently, however,
three studies®>”*# have focused on the association between MC and mortality. Although
crude mortality rates are higher in patients affected by MC, this seems to be connected to the
burden of comorbid diseases, and most likely smoking, rather than the disease in itself.









3 RESEARCH AIMS

This thesis aims to elucidate epidemiological aspects of MC as well as investigating
associated outcomes. This was done by carrying out five separate studies whose individual
aims are included in the figure below:

Project Research question Study
Validation of microscopic What is the validity of having a SNOMED-
colitis in Swedish —»  code signifying lymphocytic or collagenous I
pathology registers colitis in Swedish pathology registers?

Incidence of microscopic How has the incidence of microscopic colitis
colitis in Sweden > in Sweden changed from 1995 to 2015? > I
Mortality of patients with How does the all-cause and cause-specific
microscopic colitis in » mortality of patients with microscopic colitis i —p- I
Sweden compare to controls?
Microscopic colitis and risk How does the occurrence of future cancer in v
of cancer patients with microscopic colitis compare to >
controls?
Coeliac disease and risk of Are patients with coeliac disease more likely
microscopic colitis »: to be diagnosed with microscopic colitis than \4
controls?

Figure 1 Studies and aims of this thesis
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4 DATA SOURCES

41 REGISTERS

In Sweden, all citizens are assigned a unique personal identity number. This number carries
information on the date of birth but also includes one digit identifying the sex of a person
(even numbers for women and uneven numbers for men). This construct enables
researchers®! to link information from various health care registers and follow specific
individuals over time.

4.2 REGIONAL PATHOLOGY REGISTERS

Health care in Sweden is generally government funded and managed by the county councils.
Each county stores data from biopsies in a pathology register. Each entry in these regional
registries contain information on personal identity number, date of biopsy, morphology and
topography. All tissue specimens are further characterized using the Systematized
Nomenclature of Medicine (SNOMED) which is an international coding system designed to
unify and simplify clinical documentation.

4.3 EPIDEMIOLOGY STRENGTHENED BY HISTOPATHOLOGY REPORTS IN
SWEDEN (ESPRESSO)

The ESPRESSO study®? has collected data on all computerized biopsies from the
gastrointestinal tract taken in Sweden from 1965 to 2017. The total study population
exceeds 13 million people and the study contain biopsy data on 2.1 million unique
individuals. Each of these individuals has also been matched (according to age, sex, county
and calendar year for biopsy) to five individuals from the general population. These
reference individuals were identified through the Total Population Register®3, which is
operated by Statistics Sweden, and which includes information on vital status (alive or
dead), place of birth, civil status, personal identity number, address and information on
emigration/immigration. Moreover, first-degree relatives and spouses to all index
individuals and matched controls were identified using the multi-generation register, a
component of the Total Population Register, storing data on individuals born from 1932
and their biological parents. Using the longitudinal integrated database for health insurance
and labor market studies® (LISA), covariates such as educational level and nationality were
added to the ESPRESSO study.

Information on comorbid conditions was collected from the national patient register (NPR).
Briefly, this register stores data on diagnoses according to the International Classification of
Diseases and Related Health Problems (ICD)-coding system. The register is maintained by
the National Board of Health and Welfare which initiated data collection (ICD-codes, dates
of admission and discharge etc) for the register in 1964. However, nationwide coverage was
not attained until 1987 and information from specialized outpatient care is available from
2001. The positive predictive value (PPV) of diagnoses recorded in the NPR is generally
considered to be around 90%"%.

Furthermore, the ESPRESSO study contains information from the Swedish Cancer Registry.
Starting in 1958, reporting to the Swedish Cancer Registry is mandatory and it has an
estimated coverage exceeding 95%°%. Data on cause of death was imported from the Cause of
Death Registry®’. Reporting to this registry is also mandatory and is considered to record
virtually every death occurring in Sweden. The register stores information according to
personal identity number and lists the primary cause of death alongside the underlying
conditions leading to death.
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Finally, the ESPRESSO study stores data on prescribed dispensed medications. This
information was retrieved from the Swedish prescribed drug register®® which commenced
recording data on all dispensed prescribed medication from July 1%, 2005. This registry is
considered to store data on almost 100% of dispensed medications.

4.4 ETHICAL CONSIDERATIONS

As with all research on humans, there are ethical concerns. With our studies being strictly
register-based, there is no risk for physical harm. Hence, our work is in accordance with the
principle of no-harm. Furthermore, the studies do not affect the treatment of included patients
nor do they cause any extra appointments or testing or lead to any time loss or extra costs for
the included study participants.

However, a moral risk is present since the autonomy and integrity of those included in the
studies is jeopardized. Particularly, this applies to study I where personal identity numbers
and medical charts were made available to us without active consent from the individuals
included in the study. As the study was part of a larger register-based study, informed
consent was not required®. Without this practice, our projects would not be possible to
undertake, in part due to the fact that some of the included patients are deceased. Also, had
informed consent been required, we would have risked introducing selection bias.
Nevertheless, while reviewing charts, information not needed for our study was available to
us. In order to limit unwarranted disclosure and viewing of information contained in the
charts, we used a standardized protocol for collecting the required data. Unfortunately, our
research necessitates a breach of integrity. Nevertheless, as this thesis will include the first
nationwide, population-based studies on death and disorders associated with MC, we
believe the benefits to outweigh the risks. We also hope the studies will benefit those who
have contributed the data as well as their families and others diagnosed with MC.

For studies II-V, the National Board of Health and Welfare linked our data to various
national health registers. The final dataset only contained pseudonymized information
(personal identity number had been replaced by a serial number but a key file is being
stored, for a limited amount of time, by the National Board of Health and Welfare). All
charts are stored at the Department of Medical Epidemiology and Biostatistics. Further, all
digital data were handled in accordance with good data management and practice at
Karolinska Institutet.

From a utilitarian viewpoint, our projects seem sound since the breach of integrity and
autonomy are limited to the study participants. Presumably, the results will be applicable to
a much larger group of patients. In light of this, it could also be argued that a researcher is
obliged to increase knowledge about a condition affecting a large number of patients and
that lacking to do so would be objectionable from a moral standpoint. Of course, this is a
difficult consideration and should be applied to all ethical viewpoints. What potential
findings could motivate the disregard of integrity and autonomy that our studies assume?

Regardless of the findings, our studies will lead to an enhanced knowledge of MC. The
Swedish Research Council expresses in its report ’God forskningssed” (loosely translated
into “Good research ethics) that knowledge has an intrinsic, absolute value. Provided our
studies are properly conducted, this viewpoint suggests that our results will contribute to an
increased understanding of MC which may compensate for the lack of informed consent
and disregard for study participants” autonomy.
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5 METHODS

Study design, study populations, main outcome measures and statistical methods used in the
included studies are presented in Figure 2.

Study

II

111

v

v

Study design

Register-based
study with
patient chart
review

Nationwide
cohort study

Nationwide
matched cohort
study

Nationwide
matched cohort
study

Nationwide
matched cohort
study

Study population

Random sample of patients with a
SNOMED-code indicating LC or CC.

All patients in Sweden with a first-
time diagnosis of MC from 1995-2015

Patients with a first-time diagnosis of
MC in Sweden from 1990-2017, their
siblings, and matched reference
individuals.

Patients with a first-time diagnosis of
MC in Sweden from 1990-2016, their
siblings, and matched reference
individuals.

Patients with a first-time diagnosis of
CD in Sweden from 1990-2016, their
siblings, and matched reference
individuals.

Outcome

measures

PPV

Incidence of
MC/LC/CC

All-cause and
cause-specific
mortality

Overall cancer

Specific cancer

MC, LC, CC

Statistical
analysis

PPV

Age-
standardization

Poisson regression

Cox proportional
hazards model

Cox proportional
hazards model

Cox proportional
hazards model

Figure 2 Schematic view of study design, study population, outcome measures and the statistical

methods applied in the included studies.
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PPV, positive predictive value; MC, microscopic colitis; LC, Lymphocytic colitis; CC, collagenous

colitis; CD, celiac disease; SNOMED, systematized nomenclature of medicine.

5.1 STUDY DESIGN, STUDY POPULATION AND OUTCOME MEASURES

5.1.1 STUDY I

All the studies in this thesis rely on register-based data to identify MC. We therefore
reviewed medical charts belonging to patients with a SnoMed-code signifying LC or CC in
pathology registers to assess the validity of the register-based diagnoses. This method is
considered to be the gold standard when assessing validity of register-based data. For study 1,
pathology departments from 5 counties (Dalarna, Jonkoping, Sérmland, Vistra Gdtaland,
Orebro lin) considered to be representative for Sweden, were asked to identify all
histopathology reports with a SnoMed-code for MC. The corresponding medical charts were
requested for a random sample (n=231) of these reports. Chart reviews (including physician
notes, laboratory reports, x-ray reports) were carried out using a standardized form (including
71 different variables). The gathered data were then independently reviewed by two
researchers, and each patient was classified as definite, probable or negative for MC. After
discussing uncertain cases with senior colleagues, patients defined as definitive or probable
were deemed as confirmed MC.

5.1.2 STUDY I

Data used for study II were gathered as part of the aforementioned ESPRESSO study®?. We
identified all patients with a first-time diagnosis of MC (according to SnoMed-codes
M40600 for CC and M47170 for LC) registered in any of the Swedish regional pathology
registers (n=28 registers) from 1995 to 2015 (n=13,844 patients). The dataset used for
analysis included information on age at diagnosis (according to five-year interval age-
brackets), sex, subtype and year of diagnosis. Based on this nationwide cohort, age-
standardized incidence rates and age-specific incidence rates (overall and stratified by sex)
were calculated.

5.1.3 STUDY Il

Leveraging the ESPRESSO study®?, all patients >18 years of age, with a diagnosis of MC
between 1990 and 2017 were identified (n=14,333). Subsequently, these patients were
matched to reference individuals from the general population according to sex, age, county
of residence and year of biopsy (n=68,700). Also, all siblings to MC patients were
identified (n=14,627) and included in the study, providing a measure for controlling for
intrafamilial confounding (early environmental factors and shared genetics). Information on
highest attained educational level was retrieved from the national register LISA. In this
study, educational level was used as a proxy for socioeconomic status and classified as
category 1 (<9 years of schooling), 2 (10-<12 years) or 3 (>12 years). In cases with missing
data on education, the highest educational level of the parents was imputed. If also these
data were absent, study participants were put into a separate missing-category.

Data on comorbid disease were gathered from the NPR. Comorbidity was classified
according to the Charlson comorbidity index (CCI)**! at baseline, based on ICD-diagnosis
recorded before index date. The burden of comorbidity of the study participants was
classified according to CCI-score as no comorbidity (score=0), mild comorbidity (score=1-2)
and severe comorbidity (score>3). Also, data on specific comorbidities such as cardiovascular
disease, celiac disease, inflammatory bowel disease (IBD), thyroid disease and diabetes were
also added to the dataset.
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Data on dispensed medications were collected from the Swedish Prescribed Drug Register.
Specifically, dispensed budesonide after MC diagnosis was considered to indicate active
treatment for MC.

Information on date of death (the main outcome measure) was retrieved from the Total
Population Register. As for cause-specific outcomes (death related to cancer, cardiovascular
disease, gastrointestinal disease, infectious disease or other), data were gathered from the
Cause of Death Register’”. Lastly, using a matched cohort study design, we compared
mortality rates in patients with MC with corresponding rates in non-exposed comparators.

5.1.4 STUDY IV

For study IV, patients with MC (n=11,758), their siblings (n=11,614) and their corresponding
comparators (n=50,828) were identified through the ESPRESSSO study (see section 4.3).
Also, data on baseline characteristics and education were gathered and added to the dataset in
the same way described for study III. Again, we defined dispensed budesonide as an indicator
of active treatment. As the prescribed drug register commenced July 1%, 2005, we considered
any dispensed budesonide after January 1%, 2006 initiation of therapy for MC. We also
collected information on dispensed immunosuppressants to account for the association
between immunosuppressants and lymphoma®2. As entries for MC in the pathology registers
were rare during the 1980s, the study period began January 1%, 1990 and ended December
31, 2016.

Data on comorbidities (IBD and diabetes) was gathered from the NPR?®. As there is a known
connection between IBD and cancer®®4, all patients with a prior diagnosis of IBD were
excluded. Furthermore, the occurrence of celiac disease was ascertained using histopathology
data from the ESPRESSO study®?. Our main model included adjustments for diabetes and
celiac disease.

Data on our primary (any cancer) and secondary outcome (lymphoma, colorectal cancer, any
gastrointestinal malignancy, lung cancer, breast cancer, and bladder cancer) measures were
retrieved from the Swedish Cancer Register. Again, a matched cohort study design was used
to assess cancer rates in MC compared to comparators from the general population.

5.1.5 STUDYV

All patients with CD (exposure) and MC (outcome) were identified using histopathology data
from the ESPRESSO study®?. Matching to reference individuals was performed according to
age, sex, county of residence and year of diagnostic biopsy. Siblings to CD patients were
identified through the multi-generation register®>. Again, the study period was set to January
1%, 1990 to December 31 2016. Follow-up ended on the date of MC diagnosis, date of death,
emigration or December 31%, 2016, whichever occurred first. Baseline characteristics and
data on educational level were gathered and categorized as described in section 5.1.3. Data on
relevant comorbidities (diabetes, IBD, rheumatoid arthritis and thyroid disease) were
collected through the NPR. Through the Swedish Prescribed Drug Register, we identified all
study participants with dispensed insulin and considered these to have a diabetes diagnosis.
Using this data, we conducted a nationwide matched cohort study to assess the risk of MC in
CD.
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5.2 STATISTICAL METHODS

5.21 STUDY I

Our main outcome measure in study I was the PPV of having a diagnosis of MC recorded in
Swedish pathology registers. PPV is calculated by the number of people with a disease who
test positive for the disease divided by the total number of people testing positive for the
disease, regardless of whether they have the disease or not (true positives/true positives+false
positives). Power calculations for binomial proportions were performed using the sample size
estimator at https://epitools.com.au, assuming 90% of recorded histopathological diagnosis to
be correct and requiring a precision of 0.05. The 95% confidence intervals (CI) for binomial
proportions were calculated using the Wilson method.

5.2.2 STUDY I

Study II examined the incidence of MC in Sweden 1995-2015. Our main outcome measures
were age-standardized incidence rates (IRs) expressed as number of incident cases per
100,000 person-years. To control for changes in the age structure incidence rates were age-
standardized to the 2015 Swedish population using the direct method. Results were also
presented stratified on sex and MC subtype (LC or CC). Furthermore, age-specific IRs were
calculated with 95% ClIs based on the Poisson distribution”. The Poisson distribution
assumes that the events recorded are independent, meaning that the occurrence of one event
does not affect the probability of another event occurring. Furthermore, the variance is
assumed to be equal to the mean. Using Poisson regression, we examined whether IRRs
between sexes were modified by age and calendar period. Based on the sex-specific IRs, we
also calculated the lifetime risk of being diagnosed with MC. However, as MC primarily
affects the elderly, an adjustment for competing risks becomes important. This adjustment
was made by taking the all-cause mortality rates into consideration. A p-value<0.05 was
considered statistically significant.

5.2.3 STUDY lll-IV

Studies III and IV assessed the association with death and cancer in MC. Crude (unadjusted)
survival for MC patients and their corresponding comparators were calculated with a Kaplan-
Meier estimator. HRs and 95% CIs were computed by using the Cox proportional hazards
model, including adjustments for the matching variables (age (continuous), sex (binary),
county of residence (categorical) and year of biopsy (continuous)). The main model in study
III also included adjustments for cardiovascular disease, thyroid disease, celiac disease and
the Charlson comorbidity index. The main model in study IV included adjustments for the
matching variables and education (categorical), together with diabetes and CD. Furthermore,
to control for intrafamilial confounding, we performed a separate analysis where siblings to
the exposed population were used as reference population. This analysis was stratified
according to family. In all analyses, a p-value <0.05 was considered to be statistically
significant.

5.24 STUDYV

The primary aim of study V was to examine the association between CD and MC. Survival
proportions for CD patients and matched reference individuals were calculated by the
Kaplan-Meier estimator. HRs and 95% CIs were estimated using the Cox proportional
hazards model. To control for the known associations between autoimmune disease and CD
(exposure) and autoimmune disease and MC (outcome), we fitted a model including
adjustment for IBD, diabetes, rheumatoid arthritis and thyroid disease. However, as a global
test provided strong evidence against proportionality, the main result cannot be interpreted as
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the probability of the exposed to experience the outcome at any instant during the study
period, relative to the non-exposed. Therefore, we also included a model which further
adjusted for an interaction between time and exposure. Thus, HRs at various lengths of
follow-up could be computed. In order to control for intrafamilial confounding, the same
analyses were performed using siblings of CD patients as comparators. Again, the sibling
analyses were done according to family strata. In a separate analysis, we also examined the
occurrence of prior MC in CD using a logistic regression model (conditional logistic
regression in the sibling analysis). The threshold for statistical significance was set to a p-
value <0.05.
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6 RESULTS

6.1 STUDYI

Study 1 examined the validity of having a diagnosis of MC in the Swedish pathology
registers. In total, 215 charts from patients with a SNOMED-code indicating MC were
reviewed. Four of these charts had insufficient information for us to be able to ascertain MC
and were thus discarded. As expected, a majority of study participants were women (69% for
LC and 77% for CC). Mean age at diagnosis was 67 years and 66 years for CC and LC,
respectively. Of the 211 patient charts reviewed, 200 patients were considered true MC,
yielding a PPV of 95% (95% CI=91-97%). The corresponding figure for CC and LC in the
published paper was 95% (95% CI=87-98%) and 85% (95%CI=78-90%), respectively.
However, according to the figures contained in Table 1, the PPV for CC and LC should rather
be 100% (95%CI=94-100%) and 89% (95%CI=83-94%), respectively. The most common
symptom recorded was diarrhea which affected 96% of patients.

Table 6.1 Characteristics of study participants including assigned

SNOMED CT codes (M40600 and M47170)

All cases, Confirmed as
)1 Microscopic colitis,
n=215 n=200
Females, n (%) 154 (72) 141 (70)
Age at diagnostic | 66 (17-90) 66.5 (21-90)
colonoscopy in
years, median
(range)
Collagenous colitis |75 (35) 75 (38)
(M40600), n (%)
Lymphocytic colitis | 140 (65) 125 (62)
(M47170), n (%)

6.2 STUDYII

Study II assessed the incidence of MC in Sweden 1995-2015. In total, 13,844 patients with a
SNOMED-code indicating MC were identified. The age-standardized IR throughout the
study period was 7.2 cases/100,000 person-years (95%CI=5.6-8.7) (Figure 6.2.1). When
restricting our analysis to 2010-2015 the mean age-standardized IR was 10.7 cases/100,000
person-years (95% CI=7.7-13-7). Mean age at diagnosis of MC was 60.2 years (58.6 years
for LC, 63.3 for CC). Looking at age-specific IRs, the incidence increased with age, reaching
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a peak in the 75-79-year age-group (Figure 6.2.2). A majority of the identified cases were
female (72% of MC). Adjusting for age, the IRR between sexes was 2.7 for MC (2.4 for LC,
3.6 for CC). Testing for interaction between age and sex, we found strong evidence (p<0.001)
for decreasing IRR between sexes with increasing age (p<0.001). The lifetime risk for MC
was estimated to 0.87% (95%CI=0.85-0.88%) for women and 0.35% (95%CI1=0.34-0.36%)
for men. These percentages correspond to 1 in 115 women and 1 in 286 males being
diagnosed with MC during a lifetime.
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5
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Figure 6.2.1 Age-standardized incidence rates of MC per calendar year, stratified by sex.
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Figure 6.2.2 Age-specific incidence of MC, stratified by sex.

6.3 STUDY I

Study IIT examined the association between MC and mortality. A total of 14,333 patients with
MC, diagnosed between January 1% 1990 and December 315 2017 were identified. The study
also included 68,700 comparators from the general population and 14,267 siblings of the
exposed (MC) individuals. The absolute, crude, IR for patients with MC was 27.4 deaths per
1000 person-years. The corresponding figure for the reference individuals was 23.3 deaths
per 1000 person-years. These rates translated into an age-adjusted HR of 1.16 (95%CI=1.06-
1.17) for the exposed population relative to reference individuals from the general population.
However, after adjustments for cardiovascular disease, thyroid disease, celiac disease and the
Charlson comorbidity index the association vanished (aHR=0.98; 95%CI=0.96-1.09). Using
siblings as comparators yielded a similar result (aHR=1.02; 95% CI=0.92-1.13). When
examining cause-specific mortality we found a significantly decreased risk of cancer-related
death (aHR=0.83; 95%CI=0.76-0.91), no association between MC and cardiovascular death
(aHR=1.02; 95%CI=0.96-1.10), and an increased risk of both gastrointestinal death
(aHR=1.68; 95%CI=1.38-2.05) and death related to infections (aHR=1.42; 95%CI=1.11-
1.83). Moreover, the risk of death increased with length of follow up. For those with a
follow-up-time exceeding 10 years, the aHR was 1.17 (95%CI=1.06-1.30).

6.4 STUDYIV

Study IV aimed to assess the association between MC and cancer. 11,758 patients with a
histopathology code used to assign MC were identified alongside 50,828 comparators from
the general population and 11,614 siblings to MC patients. From January 1% 1990 to
December 315 2016, 10.5% of MC patients were diagnosed with cancer whereas 9.5% of the
reference population received a cancer diagnosis. This disparity in proportions corresponds to
one additional cancer event for every 55 patients with MC followed for 10 years. Our main
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model included adjustments for the matching variables (age, sex, county of residence and
year of biopsy), educational level and comorbid disease (diabetes and celiac disease) and
yielded an aHR of 1.08 (95%CI=1.02-1.16). Stratifying on sex did not alter the aHRs
significantly. However, during the first year of follow-up the aHR (1.49; 95%CI=1.27-1.73)
was higher than subsequent intervals for length of follow-up. Also, a significant effect
modification by country of birth was detected (p<0.0025). Cancer rates were higher among
study participants born outside the Nordic countries (aHR=1.90; 95%CI=1.07-3.39).
Furthermore, the associations of specific cancers were assessed. These findings are presented
in Figure 6.4.1

Type of cancer Cases/1000-PY aHR [95%Cl]

Overall cancer 1239/79.00 1.08 [1.02-1.16] ]
Lymphoma 58/83.41 1.43 [1.06-1.92) |
Breast 202/82.67 1.07 [0.92-1.25] |
Gastrointestinal 159/83.10 0.72 [0.60-0.85] |

Colon 73/83.29 0.52 [0.40-0.66] |

Other 820/80.73 1.18 [1.09-1.28] |

Figure 6.4.1 Adjusted hazard ratios for specific cancers in patients with MC compared to
reference individuals

6.5 STUDYV

The primary aim of study V was to investigate the association between CD and subsequent
MC. We identified 45,267 patients with a biopsy-verified CD from the ESPRESSO cohort.
Moreover, 224,568 reference individuals from the general population and 51,767 siblings to
CD patients were included. A proportion 62.4% of CD patients were female and the mean
age at diagnosis was 32.4 years (standard deviation (SD)=25.1). From January 1%, 1990 to
December 31%, 2016, 456 patients with CD and 198 individuals from the reference
population were diagnosed with MC corresponding to IRs of 86.6/100,000 (95%CI=79.1-
95.0) person-years in the exposed group and 7.5/100,000 (95%CI=6.5-8.6) person-years
among reference individuals. Siblings to CD patients had an IR of 14.8/100,000 (95%
CI=12.0-18.3) person-years. Adjustments for the matching variables (age, sex, county of
residence and year of biopsy), educational level and comorbidities (diabetes, IBD, thyroid
disease, rheumatoid arthritis) resulted in an aHR of 11.5 (95%CI=9.7-13.6) compared to the
reference population. Stratification on sex and subtype yielded similar results. Furthermore,
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CD patients born in a non-Nordic country had a higher aHR (56.3; 95%CI=12.5-254.5)
compared to CD patients of Nordic origin (aHR=10.9; 95%CI=9.2-12.9). However, the
discrepancy did not reach statistical significance (p=0.054). When performing similar
analysis according to strata defined by length of follow-up, the highest aHR was found in the
first year (aHR=36.1; 95%CI=20.6-63.2). To control for a potential misclassification related
to remaining lymphocytic infiltration in the colonic mucosa due to an undiscovered celiac
disease, we excluded all MC cases diagnosed within a year of CD diagnosis. Nevertheless,
when also stratifying on subtype, aHRs remained elevated (10.2 (95%CI=8.1-12.7) for LC,
8.7 (95%CI=6.4-11.6) for CC). As the proportional hazard assumption was not fulfilled, we
conducted an analysis including an interaction term between time and exposure. Thus, we
could ascertain the aHR at specific lengths of follow up. These results are presented in Table
6.5.1. Using logistic regression, we also examined the association between CD and previous
MC. The aOR was 47.4 (95%CI=28.7-78.4).

Years of follow-up aHR 95% CI
0 19.0 14.5-24.9
1 17.3 13.8-22.8
5 13.4 11.2-16.2
10 9.5 7.9-11.4
20 4.8 3.2-7.0

Table 6.5.1 Adjusted hazard ratios (MC) for CD patients vs reference individuals at x years of
follow-up
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7 DISCUSSION

7.1.1 METHODOLOGICAL CONSIDERATIONS

Epidemiological studies are observational. The studies included in this thesis are all
observational, meaning that we try to answer our research questions through observations of
recorded events. Moreover, observational studies can be descriptive (study I-II) or analytic
(study III-V) where the former studies aim to describe, compare and measure data and the
latter studies focused on the relationship between exposure and outcome. Thus, descriptive
observational studies do not test a hypothesis but rather aim at generating new hypotheses
whereas observational analytic studies typically test whether there is an association or not
between an exposure and an outcome. An observational study is generally considered to be of
a lower evidence grade than randomized controlled trials since the latter can remove both
known and unknown confounding through randomization of study subjects (if the study
population is large enough). However, due to both ethical and practical reasons, not all
exposures can be studied in randomized controlled trials. Also, generalizability can be a
problem if the study population does not reflect the population to which the findings are to be
applied, such as elderly, comorbid individuals who are less often enrolled in randomized
controlled trials.

In Study I, we examined the validity of the Swedish pathology registers pertaining to the
diagnosis of MC. As the diagnostic traits of MC are assessed by a histopathological
examination and subsequently classified according to the SNOMED-system, data from
pathology registers are a valuable source of information when trying to identify patients with
MC. Also, prior to 2016, there existed no specific ICD-code for MC, thus the pathology
registers are pivotal in MC research.

Study II assessed the incidence of MC in Sweden from 1995 to 2015 by collecting data, with
a SNOMED-code signifying LC or CC, from Swedish pathology registers, thereby creating a
nationwide cohort of MC patients. As the validity of these codes had previously been
examined (see above), our results most likely reflect incidence of MC in Sweden as recorded
in pathology registers.

Study III-V were carried out using a retrospective, matched cohort study design using
register-based data, meaning that we followed a group of patients (the exposed) and their
comparators (the non-exposed) and examined whether they developed a certain outcome or
not. This design is advantageous for studying rare exposures and allows for the calculation of
relative risks for one or several outcomes. Furthermore, temporality can be determined as the
study design requires that the exposure occurs before the outcome.

7.1.2 CONFOUNDING

Confounding is a systematic error which should be addressed in all observational studies
where the effect of an exposure on an outcome is being examined. Confounding occurs when
a variable is associated with both the exposure and outcome of interest and affects the result
of the studied observation, disturbing our inference. Researchers try to remove confounding
by restriction, randomization, stratification, matching and adjustment using regression
models. However, as most biologic systems are complex, a risk for residual confounding
remains due to insufficient knowledge of the causal pathway or misclassification of known
confounders.

In studies III-V confounding has primarily been dealt with by including possible confounders
in the regression models. Study III is a suitable example of confounding by comorbidity
where the increased HR of death for patients with MC was attenuated when concomitant
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disease was taken into consideration. On the other hand, if a comorbidity reflects a step in the
causal pathway, i.e. is a mediator, adjustment would remove the effect of the exposure on the
outcome. Furthermore, undue adjustments also risk opening up an alternate causal pathway,
thus disturbing our inference.

The elevated aHR for lung cancer in patients with MC compared to reference individuals is
most likely attributed to the increased prevalence of smokers among patients with MC. As all
of the included studies are based on data originating from registers lacking information on
BMI, genetics, use of non-prescription drugs and smoking habits, naturally, there is a risk of
residual confounding by these factors.

7.1.3 SELECTION BIAS

Selection bias is a systematic error that occurs if the groups under study are different in other
ways than the exposure being studied and these differences are related to the outcome. This
phenomenon relates to confounding (see above) in that certain variables may have different
associations to the exposure and outcome of interest in the exposed and non-exposed
populations. However, selection bias is generally sought to be minimized when including
patients to a study whereas confounding is typically addressed when analyzing the gathered
data.

In Study I, five counties were assumed to be representative of Sweden. This assumption risks
introducing a selection bias if the inhabitants of these counties differ in some way compared
to Swedes in general and that difference is associated with the outcome. However, as the
counties and hospitals included represented both rural and urban areas as well as university
and county hospitals, the impact of a potential selection bias should be fairly limited. Studies
II-V were all population-based, thereby minimizing the effect of selection bias.

7.1.4 MEASUREMENT BIAS

Measurement bias is caused by a systematic difference in the method of identifying
exposures, outcomes or events of interest in the exposed population compared to reference
individuals. Looking at our outcomes of interest (death, cancer, CD), it seems unlikely that
these outcomes have been systematically ascertained in a different way among patients with
MC compared to matched comparators without MC.

7.1.5 MISCLASSIFICATION

Misclassification of exposure or outcome risks biasing a study. Misclassification is primarily
a problem when it is differential. This means that an erroneous classification of exposure
and/or outcome is more prevalent in one of the two groups compared introducing a
systematic error in the study which can either inflate or reduce the association. Non-
differential misclassification means that a flawed classification has occurred haphazardly in
both groups, typically attenuating the association. As studies IV and V found significant
associations between exposure and outcome, a non-differential misclassification, if present,
would most likely attenuate the observed associations. However, in study III, where no
association was seen, the potential influence of non-differential misclassification should be
addressed but as death is rarely misclassified this becomes a moot issue. Furthermore, in
study III-IV our exposure variable was MC which, given the results of our validation study
(study I), should be accurate. Outcomes in studies III-IV were death and cancer and the
completeness and high validity of the Total Population Register, Cause of Death Register and
Cancer Register®36%7 lend our results a high degree of validity. In study V we examined the
association between CD and MC, two diagnoses that previously have been shown to have a
high validity®>’ as recorded in pathology registers. However, a remaining lymphocytic
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infiltration in the colonic mucosa related to an undiagnosed CD may risk being misclassified
as LC. To control for this potential error, study V included a sensitivity analyses where all
MC diagnoses within a year of the diagnostic biopsy ascertaining CD were excluded. Another
kind of differential misclassification is surveillance bias meaning that the groups under study
differ in their probability of having the outcome detected. This may have had an impact in
study IV and V since patients with MC or CD may be in closer and more frequent contact
with health care compared to their non-exposed counterparts from the general population.

7.1.6 RANDOM ERROR

An observed association can be due to a true association, systematic error (see above) or
random error. When conducting a study, a null hypothesis and alternative hypothesis is
defined. The null hypothesis states that there is no association between the exposure and the
outcome, whereas the alternative hypothesis states that there is an association. The precision
of a study reflects the probability of falsely rejecting a true null hypothesis (type 1 error) due
to a random error. The precision increases with the number of study participants enrolled.
The probability of a random error influencing results is quantified by p-values and Cls.
Generally, a p-value <0.05 is considered statistically significant, meaning that we accept a 1
in 20 probability that our observed association is a random finding. It should be noted,
however, that this threshold (0.05) is arbitrary. While the p-value ascertains the significance
of a finding, the CI also estimates the size of the effect. If we use a 95% CI, this means that
we are 95% confident that the true value lies within this interval. When computing ClIs, the
size of the study population is taken into consideration. Thus, as the study population grows,
the CI becomes narrower, increasing our confidence in the point estimate. In this respect, the
risk of random errors in studies II-V is low since the study populations are large. In study I
we based our sample size on a power calculation. However, since the study population only
consisted of 211 patients, a risk, albeit small, of a random error is present. In studies III-V, we
ascertained, not only the associations to our main outcomes (death, cancer, MC) but also
secondary outcomes (cause specific deaths, specific cancers and MC subtypes). As
mentioned above, a threshold for statistical significance of p<0.05 means that we accept a 1
in 20 probability that our observed association is a chance finding. As we, in studies III-V,
test several associations there is a risk that some significant findings are a result of random
error. Therefore, the possibility of a type 1 error and also the strength of the underlying
hypothesis should be kept in mind when interpreting results pertaining to our secondary
outcomes.

7.1.7 GENERALIZABILITY

Generalizability, or external validity refers to the extent to which findings from a study can be
applied to different settings other than the one under study. A prerequisite of generalizability
is a high degree of internal validity, i.e. the absence of systematic error. In study I our study
population originates from a random sample of patients from five different counties, deemed
to be representative of Sweden. The internal validity was ascertained by observing a high
degree of coherence between pathology register data and information from medical charts
and since the included hospitals were from different parts of the country, including both
urban and rural settings, we are confident that our findings are valid on a national scale. As
studies II-V were all nationwide, the question of generalizability to a Swedish setting
becomes superfluous. Our findings should be applicable to countries similar to Sweden, but
may not be generalizable to e.g. countries with differing ethnic distributions or lifestyle
factors such as smoking patterns.
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7.2 FINDINGS AND INTERPRETATIONS

7.21 STUDYI

We found a PPV of 95% for MC among patients with a record of MC in Swedish pathology
registers. Thus, Swedish regional pathology registers are a reliable source for identifying MC.
Moreover, our findings confirmed a high prevalence of smoking (36%) and autoimmune
disease (26%) among patients with MC. Surprisingly, given the known association and
symptomatic overlap between MC and CD only 50% of patients had been assessed for CD. A
possible limitation of study I is that we only had information on risk factors through patient
charts. Accordingly, the presence of certain exposures (smoking, medications, etc) not
recorded in patient charts may have been underestimated. Furthermore, the PPV was
calculated for the entire study population meaning there is a risk that the PPV within certain
strata could be lower/higher or has changed (or will change) over time. However, as the
incidence (and probably also prevalence and awareness among clinicians) of MC has risen
during the past decades®® the PPV, most likely (as a result of increasing prevalence), would
have increased over time. Moreover, as we only collected data on individuals with a biopsy
indicating MC, we could not calculate the negative predictive value (the proportion of
patients with a biopsy not indicating MC who actually do not have MC), sensitivity (the
proportion of patients with MC who are identified by a biopsy indicating MC) or specificity
(the proportion of patients without MC identified by a biopsy not indicating MC).

7.2.2 STUDYII

We identified 13,844 patients with a first-time diagnosis of MC in Sweden from 1995 to
2015. As expected, a majority of patients (72%) were female and mean age at diagnosis was
60 years. The female preponderance did not vary during the study period, however the IRR
between sexes attenuated with age. We observed a substantial increase in incidence from
1995 to 2012, after which IRs stabilized. This pattern, most likely, is primarily attributed to
increasing awareness of MC during the first decades of the study period. The mean age-
standardized IR throughout the study period was 7.2 cases/100,000 person-years and age-
specific rates increased with age (up to 75-79 years). Patterns for LC and CC were broadly
similar. However, 70% of identified MC patients had a diagnosis of LC, which contrasts
against other nationwide studies of MC#4446 The cause of this discrepancy is unclear.
Possible explanations entail varying awareness of MC among pathologists, differing routines
surrounding the taking of biopsies or impact of environmental factors. With our previous
validation study®® confirming a high accuracy (PPV=95%) in Swedish pathology registers for
identifying MC, our study, most likely, does not include a substantial proportion of false
positives. However, as IRs historically probably have been kept low by an insufficient
awareness there is a risk that some cases of MC remain undiagnosed. Since awareness
increased during the study period, a lag in diagnosis may have affected incidence particularly
in individuals diagnosed at an older age, skewing age-specific IRs. We estimated that 1 in
115 women and 1 in 286 men will be expected to be diagnosed with MC during a lifetime.
These figures indicate that MC carries with it, a substantial, societal burden of disease.

7.2.3 STUDY Il

We found that, after adjustment for comorbidities, there was no association between MC (or
LC or CC) and death. These results did not change materially when comparing patients with
MC to their siblings. Adjusted HRs for death in MC patients treated with budesonide and MC
patients without budesonide treatment were not significantly different compared to our main
results. When examining cause-specific mortality, we found a decreased HR for cancer-
related death and increased HRs for death from infectious and gastrointestinal disease. The
increased risk of death related to infections may reflect the dysfunctional immune response
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essential for the development of MC. Among diagnoses responsible for the increased risk of
mortality related to gastrointestinal disease were diverticular disease and vascular disease of
the colon. These findings could generate new hypotheses regarding potentially shared
pathogenic mechanisms. However, due to the association between MC and smoking’®, these
findings could also include an effect related to residual confounding by smoking®-'%. The
reduced risk of cancer-related death may be attributable to surveillance bias and/or that the
colonic inflammation in MC is not sufficient to trigger carcinogenesis. The main limitation of
this study is residual confounding since the registers used for this study lacked data on factors
such as smoking, BMI and other lifestyle factors.

7.24 STUDY IV

We found an 8% increased risk of cancer in MC patients compared to reference individuals
from the general population. Further, our result was robust across several sensitivity analyses;
e.g. aHRs in MC patients treated and not treated with budesonide did not significantly differ,
nor did the aHR change significantly when using siblings to MC patients as comparators.
Examining specific outcomes, we found an increased risk of lymphoma and lung cancer, no
association with breast cancer nor bladder cancer, and a decreased risk of colorectal cancer
and gastrointestinal cancers. The increased risk of lung cancer is likely due to the higher
proportion of smokers in patients with MC? whereas the decreased risk of colorectal cancer
would likely have been even lower if adjustment for smoking was possible. There are a
number of explanations for the lower risk of colorectal cancer. Surveillance bias likely partly
explains the decreased risk. There is also a possibility that there is negative confounding by
BMI'Y! or that the adaptive immune response in MC can detect and eradicate cancerous cells
before a malignancy is established'?2. Also, as MC is typically diagnosed at age 60-70, the
relative mild colonic inflammation that characterizes the disease may not have enough time to
trigger cancer development. The significantly increased aHR for lymphoma is in line with
previous studies of the association between inflammation and lymphoma®7-193:104,

When examining IRs of cancer according to country of birth (Nordic vs non-Nordic), we
found similar IRs of cancer among MC patients born in non-Nordic countries compared to
those born in Nordic countries. However, cancer rates among reference individuals of non-
Nordic origin were substantially lower, which explains the observed significant effect
modification by country of birth. Of course, people without MC of non-Nordic origin could
be healthier or have had a cancer diagnosis recorded in another country. However, this
discrepancy could also suggest a different health seeking behavior among people of non-
Nordic origin which could have important, societal implications.

Limitations of this study include confounding by smoking which we had no way of adjusting
for. Also, with MC being a relatively newly recognized condition, the average follow-up time
was only 6.6 years which may be an insufficient time span for certain cancers to develop.

7.2.5 STUDYV

There is a known association between CD and MC?>7119, However, our study was the first
large, population-based cohort study able to examine the association across several strata. We
found a pronounced risk for future MC in CD (aHR 11.5). The risk was most pronounced at
the start of follow-up where the aHR was almost 20. This may partially be explained by
surveillance bias and misclassification of colonic lymphocytic infiltration caused by an active
CD as LC. However, the aHR remained elevated also >10 years of follow up (for both LC
and CC). When using siblings of CD patients as comparators, the aHR was appreciably
lower, suggesting an influence of early environmental factors and/or shared genetics. As there
are reports on common genetic risk factors in CD and CC%'%, we consider this an interesting
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finding. However, the association could not be reproduced when examining a cohort of LC
patients!®. Also, when restricting our analyses to patients with autoimmune disorders, aHR,
again, was markedly lower, confirming the known association between autoimmunity and
MC?2. Moreover, we found a suggested, albeit not statistically significant, effect modification
by country of birth, caused by lower rates of MC in reference individuals. If this reflects a
lower exposure to risk factors (smoking, medications etc), is attributable to genetics or a
different health seeking behavior remains an important outstanding question.

Strengths of the study include the nationwide coverage and size of our study population.
Based on earlier validation studies we also have a high degree of confidence in the accuracy
of our exposure and outcome information’®®’. We acknowledge some limitations. As the
study was strictly register-based, we had no information on lifestyle factors such as smoking.
However, as smoking does not seem to be connected to CD!?7-1%8  this lack of data is unlikely
to affect our results in a profound way. Moreover, we only used data on biopsy-verified
villous atrophy to ascertain CD, meaning that CD patients diagnosed solely by tissue
transglutaminase are not included. This should, however, primarily impact the younger
population due to the adoption of a non-biopsy routine for diagnosing CD in children'®
established in 2012. When excluding 2012-2015 from our analyses, the aHR for patients <18
did not change substantially compared to analyses for the full study period.
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8 CONCLUSIONS
Based on the studies included in this thesis we conclude that:
Swedish pathology registers are a reliable source for identifying MC.

Incidence of MC in Sweden increased appreciably from 1995-2015. However, IRs has
stabilized during the past decade. In Sweden, LC is the more common subtype of MC,
constituting 70% of MC cases. During a lifetime, 1 in 115 women and 1 in 286 men are
expected to be diagnosed with MC.

Patients suffering from MC are at increased risk of dying. This risk, however, is primarily
attributable to concomitant disease. Specifically, patients with MC are at an increased risk of
dying from gastrointestinal and infectious diseases and at a decreased risk of dying from
cancer related causes.

MC is associated with a small (8%) increase in risk of overall cancer. Part of this increase
may be attributable to surveillance bias. Specifically, we noted a decreased risk of colorectal
cancer. Thus, screening for colorectal cancer in MC patients would likely be superfluous.

Our study confirms a strong association between CD and MC. This finding underlines the
importance of evaluating CD patients for MC if symptoms endure or reoccur despite
adherence to a gluten-free diet Also, MC patients should be tested for CD when symptoms
persist despite adequate treatment.
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9 POINTS OF PERSPECTIVE

As pointed out throughout this thesis, the burden of MC has previously likely been
underestimated due to insufficient awareness. As we show in study II, IRs increased rapidly
from 1995 to 2005. This may be explained by a true increase in incidence and/or improved
awareness and diagnostic capabilities. As we lack information on duration of symptoms, we
cannot discern whether our observed cases had their onset just prior to being diagnosed with
MC or if there is a substantial diagnostic delay. Consequently, temporal patterns and years of
follow-up may be skewed. Therefore, as MC nowadays is well-known to clinicians and
colonoscopy is easily accessible in Sweden, future studies on incidence, risk of death, cancer
and other disorders would be a valuable addition to the body of knowledge. Moreover,
additional studies from countries with a differing panorama of risk factors is much needed.
Such epidemiological groundwork is pivotal for future large-scale studies aimed to further
elucidate the role played by genetic factors and the microbiome in the pathogenesis of MC.
Also, smoking is an important confounder. If future, population-based studies could gather
data on smoking habits, the effects of smoking and MC could be disentangled and the impact
of MC on health-related outcomes could be computed more precisely. Also, a better
understanding of the role played by smoking in the development of MC could be gained.

In study II, we also noted that a majority of cases were classified as LC, which contrasts
against the distribution of subtypes in other nationwide studies. We have no clear explanation
for this discrepancy. However, the relationship between CC and LC and what they actually
represent (different stages of the same disease or separate entities with similar symptoms)
deserves further study and perhaps our findings could aid in generating new hypothesis
regarding the association between subtypes?

Lastly, our finding of the decreased risk of colorectal cancer in MC motivates further study
on the mechanisms responsible for this decrease.
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