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Background: Microscopic colitis (MC) has been associated with several immune-mediated diseases including psoriasis, but earlier
research has been limited to psoriasis occurring before MC. Data from large-scale cohort studies investigating MC and risk of future
psoriasis are lacking.

Objective: To examine the association between MC and psoriasis.

Methods: In a nationwide, population-based, matched cohort study in Sweden from 2007 to 2021, we identified 8404 patients with
biopsy-verified MC (diagnosed in 2007-2017), 37,033 matched reference individuals, and 8381 siblings without MC. Information on
MC was obtained through the ESPRESSO cohort (a Swedish histopathology database with nationwide coverage). Using Cox
regression, we calculated hazard ratios (HRs) and 95% confidence intervals (Cls) for psoriasis up until 2021.

Results: During a median follow-up of 9.2 years (interquartile range = 6.7-11.7), 179 MC patients and 440 reference individuals were
diagnosed with psoriasis (241.1 vs 131.8 events per 100,000 person-years), corresponding to one extra case of psoriasis in 91 patients
with MC over 10 years. After adjustment for the matching variables (birth year, sex, county of residence, and calendar period) and
level of education, we computed an adjusted hazard ratio (aHR) of 1.82 (95% CI = 1.53-2.17). Stratified by sex, estimates were similar
and when examining the aHR across different lengths of follow-up, we found significantly elevated estimates up to 10 years after MC
diagnosis. Compared to MC-free siblings, the aHR was 1.85 (95% CI = 1.36-2.51).

Conclusion: Patients with MC are at an almost doubled risk of psoriasis compared to the general population. Clinicians need to
consider psoriasis in MC patients with skin lesions.

Keywords: microscopic colitis, psoriasis, epidemiology

Introduction
Microscopic colitis (MC) is a recently recognized inflammatory disease of the large intestine.' Typically, the disease
affects patients aged 60 to 70 years and the disease is more common among women.> MC is characterized by symptoms
such as non-bloody, watery diarrhea, abdominal pain, and weight loss.> Some patients may also report nocturnal diarrhea,
urgency, and fecal incontinence.”

The term microscopic colitis is a unifying concept for two main subtypes, primarily collagenous colitis (CC) and
lymphocytic colitis (LC), subdivided by their histopathological presentation. The main diagnostic feature of CC is
a thickened collagenous layer in the colonic mucosa, whereas LC is characterized by an increased number of intrae-

pithelial lymphocytes.’ Typically, there are no macroscopic aberrations in the colonic mucosa.
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In a 2019 cohort study examining the incidence of MC in Sweden, our group computed an overall incidence of MC in
Sweden of 10.5 cases per 100000 person-years from 2006 to 2015 with higher rates in women (72% of patients).

Psoriasis is a chronic immune-mediated disorder affecting primarily the skin.® However, some 10-30%"° of patients
also develop psoriatic arthritis with a typical onset approximately 10 years after the first signs of cutaneous lesions. Still,
around 15% of patients will experience joint symptoms before the onset of skin manifestations.'® Globally, the
prevalence of psoriasis is estimated to be around 3% and in Sweden 2-4%).""

There is a known link between psoriasis and other gastrointestinal (GI)-diseases such as celiac disease'” and inflam-
matory bowel disease (IBD),'® but data on the association between MC and psoriasis are scarce. A 2022 study from the
USA' examining risk factors for MC (n = 1130) estimated a univariately derived odds ratio (OR) of 10.9 for psoriasis. The
published paper, however, contains no information on the validity of exposure or outcome information. Neither the analysis
adjusted for multiple testing and temporality of exposure in relation to outcome was disregarded. In 2021, Wildt et al
conducted a case—control study in Denmark,'® investigating the association between MC and several prior autoimmune
conditions. This study found an OR of 1.84 for earlier psoriasis (95% confidence interval (CI)=1.59-2.13). Again, the
validity of MC diagnosis had not been assessed, and multiple testing had not been taken into consideration.

As MC and psoriasis are both immune-mediated diseases, with known associations to several autoimmune disorders'>'®

and since both conditions have been linked to genes coding for the major histocompatibility complex,'”'®

we hypothesized
that a correlation between the two disorders exists. Thus, this project aims to elucidate the association between MC and
future psoriasis in a large, nationwide matched cohort study. Increased knowledge in this field may help physicians treating

MC patients and may also aid in generating new hypotheses regarding shared pathogenic mechanisms.

Methods
Setting

Data for this study were collected from various Swedish healthcare registers as well as from registers on the Swedish
population operated and maintained by the government. Healthcare in Sweden is funded by taxes and designed to provide
citizens with equal access to medical care. Since all Swedish citizens are given a personal identity number'® researchers
are able to link information from multiple sources, thus allowing for an almost complete follow-up. We set the starting
point of our study period to January 1%, 2007. This date was chosen for us to be able to assess eligibility criteria using
data from the Prescribed Drug Register’® which was introduced in 2005.

Ascertainment of Microscopic Colitis

Patients with MC were identified using relevant Systematized Nomenclature of Medicine®' (SNOMED) codes from the
ESPRESSO (Epidemiology Strengthened by histoPathology Reports in Sweden) study.>® The specifics of this method
have been previously described.”> Moreover, a previous validation study** assessed the accuracy of our exposure
information and found that 95% of patients with a SNOMED-code indicating MC also had a clinical presentation,
according to medical charts, consistent with MC.

General Population Reference Individuals

Using the Total Population Register,” for each MC patient, we identified up to 5 reference individuals (without previous
MC or psoriasis) from the general population. Reference individuals and MC patients were matched according to sex,
birth year, county of residence, and index year, all at the time of diagnostic biopsy.

Sibling Comparators

Leveraging the Multigeneration Register, a component of the Total Population Register,>> we were able to identify full
siblings (without a prior diagnosis of MC) to our patients with MC. Using siblings as reference individuals allowed us, to
some extent, to gauge the influence of shared genetics and early environmental factors.
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Ascertainment of Outcomes

We defined our outcome, psoriasis, as having a relevant ICD-code (ICD-10: L40) recorded in the National Patient
Register (NPR).%® Briefly, the NPR stores information on diagnoses and medical procedures in non-primary care. The
register attained nationwide coverage for inpatient care in 1987 and, since 2001, also contains information from non-
primary outpatient care. Generally, the PPV of ICD-codes in the NPR is ~90%.°

Follow-Up

Follow-up commenced on the date of MC diagnosis (for our exposed group) and on the corresponding date for our
reference individuals. Study participants were then monitored until December 31%, 2021, or until they were diagnosed
with psoriasis, died, or emigrated, whichever occurred first. In the event of a reference individual being diagnosed with
MC, these were reclassified as exposed and received their own set of reference individuals. On the date of MC diagnosis,
these individuals stopped contributing person-time as reference individuals.

Other Covariates

Background information on vital status, sex, birth year, emigration, county of residence, and country of birth was
obtained from the Total Population Register.”> Data on level of education, defined as compulsory school (<9 years),
upper secondary school (10—12 years), or college (>13 years), was gathered from the longitudinal integrated database for
health insurance and labor market studies (LISA).>” Level of education was used as a proxy for socioeconomic status. If
information on level of education was missing, we used the highest level of education of the parents. If information
regarding the parents was missing as well, study participants were placed in a missing category. Since MC and psoriasis
both have been associated with celiac disease'*'> (CD) and IBD,'*** we retrieved information on all patients with
a diagnosis of CD and/or IBD from the ESPRESSO-study.?” For a sensitivity analysis (see below), we also gathered data
on diagnoses of chronic obstructive pulmonary disease (COPD) from the NPR.

Using the Prescribed Drug Register,”® we retrieved information on dispensed treatments for psoriasis (ATC-code:
DO05). This was, mainly, done to identify and exclude patients with a prior diagnosis of psoriasis registered in primary
care. Moreover, as there is no validated instrument to classify disease intensity in MC, we gathered data on dispensed
budesonide (ATC-code: AO7EA06) as a proxy for severity of disease.

Exclusion Criteria

Figure 1 outlines the study flowchart. All exclusion criteria were applied uniformly for all individuals enrolled in the
study. Briefly, we excluded study participants with data irregularities pertaining to date of emigration or date of death
(Figure 1). Also, those with a prior colectomy, on or before enrollment, were excluded. Moreover, all individuals with
a diagnosis (prior to index date) indicating psoriasis or psoriatic arthritis or with a recorded dispensation of drugs
typically used for the treatment of psoriasis were omitted.

Sensitivity Analyses
To test the robustness of our observed association, we conducted several sensitivity analyses. First, we broadened the
definition of our outcome measure to also include psoriatic arthritis (ICD-10: M070-3). This was also done to capture study
participants where treatment for psoriatic arthritis may have prevented skin lesions to develop. Second, to also include
patients that may have been diagnosed in primary care (and therefore not registered in the NPR), we defined psoriasis as
either (or both) a relevant ICD-code or dispensed treatment for psoriasis. Third, as MC has been linked to both celiac
disease” and IBD?® and due to the known association between psoriasis and IBD'? and celiac disease,'? we carried out an
analysis additionally adjusting for celiac disease and IBD. Fourth, as smoking is considered a risk factor for both MC*° and
psoriasis,”' as a proxy for smoking, we added adjustment for COPD if diagnosed >40 years of age and prior to index date.
Fifth, in an effort to address surveillance bias, we excluded all individuals with a follow-up less than one year. Sixth,
to investigate whether dispensed budesonide (as a proxy for severity of disease) had an impact on the risk for psoriasis,
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13 million people enrolled in the ESPRESSO cohort assessed for inclusion

| | l

9,731 patients with a SNOMED- 48,541 matched reference 12,011 full siblings (without
code consistent with collagenous individuals from the ESPRESSO previous MC) to MC patients
colitis or lymphocytic colitis from cohort without a SNOMED code identified from the ESPRESSO
2007-2017. consistent with MC. »| cohort.

vy v

Patients with MC, reference individuals and full siblings linked to the Swedish National Patient Register and the Swedish
Prescribed Drug Register by personal identity number

v v v

Patients with MC excluded, (n,%): 1,327 (100%) Reference individuals excluded, (n,%): 11,508 (100%) Full siblings excluded, (n,%): 3,630 (100%)
Emigration on or before the index biopsy date: 15 (1.1%) Emigration on or before the index biopsy date: 330 (2.9%) Emigration on or before the index biopsy date: 255 (7.0%)
Data irregularities: 5 (0.4%) Data irregularities: 1,831 (15.9%) Data irregularities: 1,051 (29.0%)
Colectomy on or before index biopsy date: 9 (0.7%) Colectomy on or before index biopsy date: 19 (0.2%) Colectomy on or before index biopsy date: 28 (0.8%)
Psoriasis or psoriatic arthritis on or before index date Psoriasis or psoriatic arthritis on or before index date Psoriasis or psoriatic arthritis on or before index date
Psoriasis: 401 (30.2%) Psoriasis: 819 (7.1%) Psoriasis: 301 (8.3%)
Psoriatic arthritis: 1 (0.07%) Psoriatic arthritis: 2 (0.02%) Psoriatic arthritis: 0 (0.0%)
Previously di: di of psoriasis Previously dispensed medication indicative of psoriasis iously di: ication indi of psoriasis
Previously dispensed treatment* for psoriasis: 875 (65.9%) Previously dispensed treatment* for psoriasis: 2,917 (25.3%) Previously dispensed treatment* for psoriasis: 738 (20.3%)
Exclusion due to matching issue Exclusion due to matching issue Exclusion due to matching issue
No matches: 21 (1.6%) No matches: 5,590 (48.6%) No matches:1,257 (34.6%)

v v v
8,404 patients with MC included in analysis:
2,619 (31.2%) Collagenous colitis 37,033 reference individuals included in analysis 8,381 full siblings included in analysis
5,785 (69.8%) Lymphocytic colitis

* Defined as ATC-code: D05

Figure | Flowchart outlining exclusions for patients with MC, reference individuals and siblings.

we computed adjusted hazard ratios (aHRs) for patients with MC with a record of dispensed budesonide and for patients
with MC without such a dispensation.
Finally, to control for intrafamilial confounding and/or familial aggregation, we used MC-free siblings as comparators.

Patient and Public Involvement
No patient participated in the planning or design of this study.

Data Transparency Statement
In accordance with Swedish regulations, the data from this study are not publicly available. The data accessed complied
with relevant data protection and privacy regulations.

Statistical Analysis

Using a matched cohort study-design, we compared the incidence rate (IR) of psoriasis in patients with MC to that of the
general population comparators. Cumulative incidence, unadjusted for competing risks, for both groups was computed
using a Kaplan—Meier estimator. By plotting the incidence curves we could determine absolute rate differences at 0, 5
and 10 years of follow-up. Moreover, aHRs were calculated using Cox proportional hazards modelling, and the
proportional hazards assumption was examined by a Schoenfeld residuals test. To control for potential confounding by
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the matching variables®” (sex, birth year, county of residence, and year of biopsy), these variables, along with level of
education, were added as covariates to our main model.

Using the above described model, we also computed aHRs for strata defined by sex, age (<50 or >50 years), calendar
period at start of follow-up (2007-2010, 2011-2017), calendar period with a maximum of 3 years of follow-up (2007—
2010, 2011-2017), years of follow-up (<1, 1-<5, 5-<10, >10 years), education level (<9, 10-12, >13 years or missing)
and country of birth (Nordic or other).

In a separate analysis, we used siblings (without MC) as reference population. In this analysis, MC patients were only
compared to their own siblings.

A p-value of <0.05 was deemed statistically significant. All statistical analyses were conducted using Stata/IC 17.1
for Mac (StataCorp, 4905 Lakeway Dr, College Station, TX 77845). To estimate the influence of unmeasured confound-
ing we used the E-value package by Linden et al.>*

Ethics

This study was approved by the Stockholm Ethics Review Board. Because the study was strictly register-based, informed
consent was not required.>* The study is in compliance with the Declaration of Helsinki.

Results

From 2007 to 2017 we identified 8404 patients with a first-time diagnosis of MC. These patients were matched to 37,033
reference individuals from the general population (Table 1). In addition, 8381 siblings without MC were identified. Some
70% of patients with MC were women, and median age at diagnosis was 62.8 years (interquartile range (IQR)=49.1—

Table | Summary Statistics for MC Patients and Matched Reference Individuals

Reference MC ccC LC
n [%] n [%] n [%] n [%]
Total 37,033 [100.00] 8404 [100.00] 2619 [100.00] 5785 [100.00]
Male 10,497 [28.3] 2387 [28.4] 610 [23.3] 1777 [30.7]
Female 26,536 [71.7] 6017 [71.6] 2009 [76.7] 4008 [69.3]
AGE AT START FOLLOW UP
Mean [SD] years 59.7 [17.1] 60.5 [17.1] 64.0 [14.9] 58.9 [17.7]
Median [IQR] years 62.8 [49.1-72.3] | 63.7 [50.0-73.1] | 65.8 [55.9-74.3] | 62.2 [47.4-72.3]
< 50 years 9770 [26.4] 2103 [25.0] 443 [16.9] 1660 [28.7]
> = 50 years 27,263 [73.6] 6301 [75.0] 2176 [83.1] 4125 [71.3]
YEARS OF FOLLOW UP
Mean [SD] years 9.1 [3.5] 8.8 [3.5] 8.8 [3.6] 8.8 [3.5]
Median [IQR] years 9.2 [6.7-11.7] 8.9 [6.5-11.6] 8.9 [6.6—11.6] 8.9 [6.4-11.5]
< | years 766 [2.1] 183 [2.2] 71 [2.7] 112 [1.9]
| <5 years 3168 [8.6] 867 [10.3] 311 [11.9] 556 [9.6]
5 < 10 years 17,828 [48.1] 4088 [48.6] 1215 [46.4] 2873 [49.7]
> =10 years 15271 [41.2] 3266 [38.9] 1022 [39.0] 2244 [38.8]
YEAR OF START FOLLOW UP
2007-2010 15,265 [41.2] 3396 [40.4] 1115 [42.6] 2281 [39.4]
20112017 21,768 [58.8] 5008 [59.6] 1504 [57.4] 3504 [60.6]
REASON FOR END OF FOLLOW-UP
Emigration 454 [1.2] 56 [0.7] 10 [0.4] 46 [0.8]
31 Dec. 2021 29,279 [79.1] 6365 [75.7] 1865 [71.2] 4500 [77.8]
Diagnosed with MC 45 [0.1] 0 0 0
Diagnosed with psoriasis 441 [1.2] 178 [2.1] 63 [2.4] 115 [2.0]
Death 6814 [18.4] 1805 [21.5] 681 [26.0] 1124 [19.4]
(Continued)
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72.3). Educational attainment was evenly

Table | (Continued).

Reference MC CcC LC
n [%] n [%] n [%] n [%]

COUNTRY OF BIRTH
Nordic 32,455 [87.6] 7862 [93.6] 2510 [95.8] 5352 [92.5]
Other 4578 [12.4] 542 [6.5] 109 [4.2] 433 [7.5]
EDUCATION
Compulsory school (< = 9 yrs) 8500 [23.0] 1962 [23.4] 700 [26.7] 1262 [21.8]
Upper secondary school (10-12 yrs) 15,448 [41.7] 3493 [41.6] 1129 [43.1] 2364 [40.9]
College or university (> = 13 yrs) 12,151 [32.8] 2737 [32.6] 734 [28.0] 2003 [34.6]
NA 934 [2.5] 212 [2.5] 56 [2.1] 156 [2.7]
MEDICATION DURING FOLLOW-UP
Budesonide 90 [0.24] 4180 [49.7] 1516 [57.9] 2664 [46.1]

distributed between patients with MC and reference individuals.

Approximately one-third of individuals had 13 years of schooling or more, corresponding to university or college.

Nordic origin was somewhat more common in patients with MC (93.6%) compared to reference individuals (87.6%).

Prior psoriasis and psoriatic arthritis were more common reasons for exclusion in the exposed population when

comparing to reference individuals and siblings (Figure 1).

MC and Later Psoriasis
During our study period 2.1% (n = 179) of patients with MC were diagnosed with psoriasis. Corresponding figures for

reference individuals and siblings were 1.1% (n = 440) and 1.4% (n = 115), respectively. These proportions corresponded
to the following IRs: patients with MC: 241.1 (95% CI = 208.3-279.2) per 100,000 person-years, reference individuals:
131.8 (95% CI = 120.1-144.7) (Table 2) and siblings: 145.0 (95% CI = 120.8-174.1). The rate difference between
patients with MC and reference individuals is equivalent to one additional case of psoriasis in 91 patients with MC

Table 2 Incidence Rates (Psoriasis) for MC Patients and Reference Individuals in Sweden 2007-2021

SEX
Males
Females
AGE AT

<l

I <5
5<10
>=10

Incidence rate/100,000 pyears [95% ClI]

< 50 years
2 50 years
YEARS OF FOLLOW UP

START OF FOLLOW UP

START FOLLOW UP

131.8 [120.1-144.7]

123.8 [103.0-148.9]
134.8 [121.0-150.3]

115.2 [95.7-138.8]
138.6 [124.4-154.4]

140.6 [106.9-185.0]
143.0 [124.3-164.4]
125.6 [107.3-147.1]
108.0 [78.9-147.9]

241.1 [208.3-279.2]

188.4 [137.1-259.0]
260.8 [221.1-307.6]

212.9 [158.5-286.1]
252.0 [212.9-298.3]

276.9 [184.0-416.7]
300.3 [245.3-367.6]
200.2 [153.3-261.4]
104.5 [52.3-209.0]

273.1 [213.3-349.6]

176.7 [92.0-339.7]
300.4.8 [230.1-392.2]

294.4 [171.0-507.1]
268.1 [203.2-353.7]

271.3 [129.3-569.1]
322.3 [226.6-458.3]
248.0 [161.7-380.4]
166.6 [62.5.3—443.9]

Reference MC CC LC
N Total 37,033 8404 2619 5785
N events 440 179 63 116
Incidence proportion [%] 1.1 2.1 24 2.0
Person years 333,769 74,235 23,068 51,167

226.7 [189.0-272.0.]

192.4 [133.7-276.8]
241.0 [195.4-297.4]

190.8 [134.1-271.3]
243.4 [196.8-301.1]

279.4 [171.2-456.1]

290.6 [227.0-372.0]
178.3 [126.8-250.8]
76.2 [28.6-202.9]

2007-2010 153.0 [135.5-172.8] | 243.1 [197.7-298.9] | 278.4 [197.9-391.5] | 226.5 [174.7-293.7]
2011-2017 109.8 [94.9-127.1] | 239.1 [194.3-294.4] | 267.6 [187.1-382.7] | 226.9 [175.8-292.9]
(Continued)

218 htps: Clinical Epidemiology 2024:16

Dove!



https://www.dovepress.com
https://www.dovepress.com

Dove

Bergman et al

Table 2 (Continued).

Reference

MC

cc

LC

START OF FOLLOW UP (with max 3 years of fu)
2007-2010

2011-2017

COUNTRY OF BIRTH

Nordic

Other

EDUCATION

Compulsory school (< = 9 yrs)
Upper secondary school (10-12 yrs)
College or university (> = |3 yrs)
NA

174.6 [139.6-218.3]
144.6 [117.8-177.6]

135.4 [122.7-149.4]
106.1 [78.7-143.1]

119.2 [96.7-146.9]
131.0 [113.4-151.3]
142.3 [121.7-166.3]
119.3 [64.2-221.6]

203.8 [131.5-315.9]
261.2 [190.1-359.0]

239.2 [205.4-278.5]
269.1 [156.3-463.5]

248.3 [182.9-337.3]

286.5 [233.1-352.3]
187.1 [140.6-249.1]
833 [11.7-591.3]

156.4 [65.1-375.9]
299.6 [173.9-515.9]

271.8 [211.0-350.0]
303.3 [97.8-940.4]

2543 [153.3-421.8]
332.7 [237.7-465.7]
191.6 [111.2-329.9]
603 [85.0-4285.4]

226.7 [136.6-376.0]
244.9 [165.5-362.5]

260.3 [140.1-483.8]
224.0 [185.2-271.0]

245.0 [166.8-359.9]

264.3 [203.4-343 4]

185.5 [132.5-259.6]
NA [NA-NAJ*

Note: *No events.

followed for 10 years. Figure 2 depicts the Kaplan-Meier curves for patients with MC and that of their matched reference

individuals.

After adjustments, we computed an aHR of 1.82 (95% CI = 1.53-2.17) (Table 3) for psoriasis in patients with MC.
Estimates for women and men were 1.93 (95% CI = 1.59-2.35) and 1.51 (95% CI = 1.04-2.18), respectively. Stratifying
on age (<50 vs >50 years of age), the aHRs were almost identical (Table 3) and, thus, naturally resembled our main

result. When examining the association across various lengths of follow-up, we found the increased risk to be most

pronounced between 1-<5 years of follow-up, aHR 2.10 (95% CI = 1.64-2.68) and only for individuals, with a follow-up

exceeding 10 years did our estimate fail to reach statistical significance (Table 3).

Moreover, we examined the association according to start of follow-up (2007-2010 vs 2011-2017) and found
the aHR for the most recent period to be somewhat higher, aHR 2.16 (95% CI = 1.68-2.79). The aHR for the

Cumulative event
05 .075
1 1

.025
1

0

Kaplan—Meier failure estimates

5 10
Years of follow-up
95% CI 95% CI
Reference individuals — MC

Figure 2 Absolute incidence rates (psoriasis) for patients with MC and reference individuals according to years of follow-up.

15

Clinical Epidemiology 2024:16

https:

219

Dove:


https://www.dovepress.com
https://www.dovepress.com

Bergman et al

Dove

Table 3 Psoriasis Hazard Ratios for MC Patients Diagnosed in Sweden 2007-2017 Compared to Matched

Reference Individuals. Adjusted for Age, Sex, County, Calendar Period and Level of Education

MC ccC LC

HR [95% CI] HR [95% CI] HR [95% CI]
Total 1.82 [1.53-2.17] | 2.17 [1.61-2.93] | 1.68 [1.36-2.08]
SEX
Males .51 [1.04-2.18] | 1.36 [0.64-2.87] | 1.56 [1.02-2.38]
Females 1.93 [1.59-2.35] | 2.39 [1.72-3.33] | 1.73 [1.35-2.22]
AGE AT START FOLLOW UP
< 50 years 1.86 [1.31-2.63] | 3.57 [1.73-7.35] | 1.55[1.03-2.33]
= 50 years 1.83 [1.49-2.23] | 1.99 [1.43-2.78] | 1.75 [1.36-2.25]
YEARS OF FOLLOW UP
< 1.97 [1.20-3.22] | 1.82 [0.75—4.40] | 2.07 [I.14-3.74]
I <5 2.10 [1.64-2.68] | 2.40 [1.54-3.72] | 1.99 [1.47-2.67]
5<10 1.55 [1.13=2.12] | 1.91 [1.14-3.21] | 1.39 [0.94-2.06]
>=10 0.92 [0.43-1.99] | 2.12 [0.64-7.06] | 0.59 [0.20-1.68]
START OF FOLLOW UP
2007-2010 1.58 [1.24-2.00] | 2.14 [1.41-3.24] | 1.37 [1.02—1.84]
20112017 2.16 [1.68-2.79] | 2.20 [1.42-3.41] | 2.18 [1.59-2.98]
START OF FOLLOW UP (with max 3 years of follow-up)
2007-2010 1.17 [0.71-1.91] | 0.96 [0.37-2.53] | 1.25[0.71-2.22]
20112017 1.81 [1.24-2.64] | 2.19 [1.13—4.28] | 1.67 [1.05-2.65]
COUNTRY OF BIRTH
Nordic 1.78 [1.48-2.14] | 2.05 [1.50-2.81] | 1.66 [1.32-2.08]
Other NA [NA-NA] * | NA [NA-NA] ** | NA [NA-NA] **
EDUCATION
Compulsory school (< =9 yrs) 2.10 [1.45-3.05] | 2.66 [1.40-5.05] | 1.89 [1.20-2.99]
Upper secondary school (10-12 yrs) 2.19 [1.70-2.81] | 2.43 [1.60-3.69] | 2.07 [1.50-2.83]
College or university (> = 13 yrs) 1.31 [0.95-1.82] | 1.44 [0.77-2.70] | 1.28 [0.87-1.87]
Unknown 0.70 [0.09-5.58] | NA [NA-NA] ** | NA [NA-NA] **

Notes: *Only exposed were diagnosed with psoriasis. **Insufficient number of events.

earlier period was 1.58 (95% CI = 1.24-2.00). When restricting length of follow-up for each calendar period to
three years, the same pattern emerged with a slightly higher aHR for the more recent interval (Table 3).

To assess the impact of socioeconomic status, we also stratified by level of education finding higher aHRs for
individuals, with an educational level corresponding to compulsory (aHR 2.10 (95% CI = 1.45-3.05)) or upper
secondary school (aHR 2.19 (95% CI = 1.70-2.81)). For patients with MC who had an educational attainment
equivalent to college or university, the aHR fell short of statistical significance 1.31 (95% CI = 0.95-1.82)
(Table 3). Examining the association, stratified by subtype, we found the aHR for CC to be 2.17 (95% CI = 1.61—
2.93) and for LC 1.68 (95% CI = 1.36-2.08) (Table 3). To address possible residual confounding, we computed an
E-value. We found that the strength of an unmeasured confounder would have to be 3.0-fold to both our main
exposure and outcome to reduce our observed aHR to 1. To shift the lower limit of the CI below 1, the strength of the

unmeasured confounder would have to be 2.4-fold.

Sensitivity Analyses
To assess the robustness of our results, several sensitivity analyses were conducted. Briefly, these additional analyses
corroborated our result. Results and definitions are summarized in Table 4.
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Table 4 Sensitivity and Exploratory Analyses. Adjusted Hazard Ratios for Psoriasis in Patients with MC in Sweden from
2007 to 2017 Compared to Reference Individuals

Sensitivity/Exploratory Analyses Adjusted Hazard Ratios and
95% Confidence Intervals
I: Including psoriatic arthritis in the definition of psoriasis 1.83 [1.54-2.18]
2: Expanding the definition of psoriasis to also include dispensed treatment® indicative of psoriasis. | 1.45 [1.32-1.60]
3: Cox model additionally adjusted for IBD and celiac disease. 1.81 [1.51-2.16]
4: Cox model additionally adjusted for COPD 1.82 [1.53-2.17]
5: Excluding individuals with a follow-up <I year 1.80 [1.50-2.17]
6a: MC with dispensed budesonide 1.96 [1.54-2.48]
6b: MC without dispensed budesonide 1.63 [1.24-2.14]
7: Using siblings (without MC) as reference individuals 1.85 [1.36-2.51]

Note: *ATC-code DO5.
Abbreviations: IBD, inflammatory bowel disease; COPD, chronic obstructive pulmonary disease.

Discussion

By contrasting some 8400 patients with MC to more than 37,000 reference individuals in a population-based, nationwide
matched cohort study, we estimated an 83% increase in the risk for psoriasis among patients with MC. The association
between our exposure (MC) and our outcome (psoriasis) was robust also when using siblings as reference individuals as
well as across several sensitivity analyses.

Comparison with the Literature

Previously, and to the best of our knowledge, the association between MC and psoriasis has only been investigated in two
studies focusing on psoriasis (among other conditions) as a risk factor for MC.'*'> Both these studies reported
significantly elevated, but disparate, ORs. In addition, none of these studies reported stratified analyses or sensitivity
analyses. However, the reported ORs are in line with the higher proportion of exclusions due to previous psoriasis in our
MC population compared to the reference population. Nevertheless, the reciprocal association, MC, and later psoriasis

12,13 and

have not been investigated so far. However, both IBD and celiac disease have been associated with both psoriasis
MC,?%%° strengthening our hypothesis that an association could exist between MC and psoriasis.

Our findings were robust across several sensitivity analyses. As some patients may be diagnosed with psoriatic arthritis
before skin lesions develop, we examined whether including psoriatic arthritis in the outcome definition influenced our
estimate. This analysis, however, yielded an almost identical result as our main analysis. Moreover, as stated above, IBD!3%
and celiac disease'**’ become potential confounders. Therefore, in a separate analysis, IBD and celiac disease (diagnosed
prior to index date) were added as covariates. Again, our estimate was almost unchanged. In an effort to address the impact of

smoking, !

we also carried out an analysis additionally adjusting for COPD. Again, this added adjustment did not result in
a meaningful impact on the estimate. Moreover, we found no effect (Pyeerogencity=0.33) of disease intensity and/or dispensed
budesonide on the association between MC and psoriasis. Whether this absence of effect modification is explained by disease
intensity (defined as having a record of dispensed budesonide) not having an important role in the causal structure or whether
the ingested budesonide hampers inflammation in the skin is unclear. We also conducted a sensitivity analysis with a wider
definition of psoriasis, including dispensed treatment indicative of psoriasis. This was done to capture patients diagnosed and
treated in primary care. Using this expanded definition of psoriasis, returned a somewhat lower estimate, aHR 1.45 (95% CI
= 1.32-1.60). Whether this trend towards attenuation is a consequence of patients with MC more often being referred to
specialist care due to severity of disease, gastroenterologists traditionally referring to a dermatologist rather than primary care
for psoriasis, or due to non-differential misclassification of outcome (medications indicative of psoriasis are used to treat non-
psoriatic disease) remains an unanswered question. Finally, to control for intrafamilial confounding (early environmental
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factors and shared genetics), we carried out an analysis where, instead of reference individuals from the general population,
siblings were used as comparators. The aHR, however, remained essentially unchanged, further strengthening the notion that
MC plays an integral part in the observed association.

Biologic Mechanisms

Our findings have biologic plausibility. First, both CC and psoriasis have been linked to the same alleles coding for genes
in the MHC, namely the HLA-B*08:01-allele. This may explain the somewhat higher aHR seen in CC. Second, both MC
and psoriasis share inflammatory features, as both diseases are characterized by cytokines involved in the TH1-/TH17-
pathways. Previous studies have found elevated levels of IFN-y, IL-17, IL-22, and TNF.**® Also, MC has been linked
to increased levels of IL-23, a recently adopted therapeutic target for psoriasis.>® Third, both diseases are characterized

40,41 42,43

by an increased dysbiosis and decreased a-diversity in the gut microbiota. More specifically, decreased

42,44

abundances in Akkermansia and Alistipes*>* have been reported for both MC and psoriasis.

Strengths and Weaknesses

Our study has numerous strengths. First, the size of our cohort allowed for precise calculations of HRs across various strata,
strengthening the clinical and scientific applications of our study. Second, as all patients with MC in Sweden were eligible
for inclusion, the impact of selection bias was kept to a minimum. Third, the high validity®* of our exposure information
makes misclassification of MC unlikely. The validity of ICD-codes indicating psoriasis has also been previously assessed.*
A fourth strength is the opportunities related to the Swedish personal identity number that allowed us to link data from
various healthcare- and government-maintained registers. We also acknowledge several limitations. Our study was registry-
based; hence, we did not have information on potential confounders such as body mass index (BMI) and smoking.
However, psoriasis has been linked to a higher BML45 whereas MC is associated with a lean BML*® Hence, access to data
on BMI would likely increase our point estimates. Moreover, our additional adjustment for COPD was aimed at, to some
extent, controlling for the impact of smoking. This additional adjustment left our aHR virtually unchanged. Nevertheless,
only a small proportion of smokers develop COPD. Therefore, we urge caution when interpreting this specific result.
However, our calculated E-value suggests our finding, to a certain extent, is unlikely to reflect residual confounding.
Naturally, surveillance bias may have influenced our result as patients with MC, generally, are followed by
a gastroenterologist which may expediate and/or facilitate a referral to a dermatologist. Lastly, the external validity may
be decreased due to our results are based, solely, on Swedish citizens of primarily white ethnicity.

To conclude, findings from this nationwide study indicate that patients with MC are at an almost two-fold increased
risk of psoriasis compared to the general population. Our observed association was robust across several sensitivity
analyses, strengthening the clinical and scientific implications of our study. Our results add to the knowledge of
extraintestinal inflammatory conditions in MC and underscore the importance to study the mechanisms involved.
Moreover, our findings indicate that clinicians should consider psoriasis in patients reporting skin lesions.

Abbreviations

aHRs, adjusted hazard ratios; A7C, anatomical therapeutic chemical; BMI, body mass index; COPD, chronic obstructive
pulmonary disease; CC, collagenous colitis; CI, confidence interval; ESPRESSO, Epidemiology Strengthened
by histoPathology Reports in Sweden; GI, Gastrointestinal, IBD, Inflammatory bowel disease; ICD, International
Classification of Diseases and Related Health Problems; IQR, interquartile range; IR, incidence rate; LC, lymphocytic
colitis; MC, microscopic colitis; NPR, National Patient Register; OR, odds ratio; PPV, positive predictive value;
SNOMED, Systematized Nomenclature of Medicine.
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