Atopic dermatitis is associated with an increased risk for
rheumatoid arthritis and inflammatory bowel disease, and a
decreased risk for type 1 diabetes
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Background: Atopic dermatitis (AD) is characterized by
epidermal barrier failure and immune-mediated inflammation.
Evidence on AD as a potential risk factor for inflammatory
comorbidities is scarce.

Objectives: We sought to test the hypothesis that prevalent AD
is a risk factor for incident rheumatoid arthritis (RA) and
inflammatory bowel disease (IBD; Crohn disease [CD],
ulcerative colitis [UC]) and is inversely related to type 1 diabetes
(T1D) and to investigate established RA, IBD, and T1D
susceptibility loci in AD.

Methods: This cohort study used data from German National
Health Insurance beneficiaries aged 40 years or younger

(n = 655,815) from 2005 through 2011. Prevalent AD in the
period 2005 to 2006 was defined as primary exposure, and
incident RA, IBD, and T1D in the period 2007 to 2011 were
defined as primary outcomes. Risk ratios were calculated with
generalized linear models. Established RA, IBD, and T1D loci
were explored in high-density genotyping data from 2,425 cases
with AD and 5,449 controls.

Results: Patients with AD (n = 49,847) were at increased risk
for incident RA (risk ratio [RR], 1.72; 95% CI, 1.25-2.37) and/or
IBD (CD: RR, 1.34; 95% CI, 1.11-1.61; UC: RR, 1.25; 95% CI,
1.03-1.53). After adjusting for health care utilization, there was
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a nominally significant inverse effect on T1D risk (RR, 0.72;
95% CI, 0.53-0.998). There was no disproportionate occurrence
of known RA, CD, UC, or T1D risk alleles in AD.
Conclusions: AD is a risk factor for the development of RA and
IBD. This excess comorbidity cannot be attributed to major
known IBD and RA genetic risk factors. (J Allergy Clin
Immunol 2015;umm:NEN-NEN,)
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Atopic dermatitis (AD) is among the most prevalent chronic-
inflammatory disorders, characterized by intense pruritus and
recurrent eczematous skin lesions' that arise as a consequence of
skin barrier deficiency and immune-mediated inflammation,” and
has major genetic contributions.” AD has a strong impact on
health, as demonstrated in the World Health Organization 2010
Global Burden of Disease survey, in which it was ranked first
among common skin diseases.’ Aside from the disease per se, co-
morbidities and associated psychosocial impairments further add
to the burden of the disease. It is firmly established that patients
with AD often coexpress asthma and allergic rhinitis, although
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Abbreviations used
AD: Atopic dermatitis
CD: Crohn disease
IBD: Inflammatory bowel disease
ICD-10: International Classification of Diseases, Tenth Revision
IMID: Immune-mediated inflammatory diseases
RA: Rheumatoid arthritis
RR: Risk ratio
SNP: Single nucleotide polymorphism
T1D: Type 1 diabetes
UC: Ulcerative colitis

the risk appears to be smaller than previously thought.”® Further-
more, several studies have found an association of AD with
mental health disorders.””

Gene mapping studies have established a total of 13 European
and 10 Asian AD loci, which, with the exception of the dominant
risk gene FLG, which is involved in skin barrier function, are
mostly implicated in immune dysregulation.'®'> Most of these
loci are not specific for AD, but rather shared with several other
immune-mediated inflammatory diseases (IMIDs), including
seemingly unrelated diseases that are thought to be Ty1/Ty17-
mediated such as inflammatory bowel disease (IBD), rheumatoid
arthritis (RA),"'” and type 1 diabetes (T1D). ' However, the effects
of shared genetic susceptibility loci between different IMIDs are
complex, and the effects of these loci might be agonistic or
opposing.'"'® Furthermore, potential epidemiological relation-
ships with other IMIDs have received little attention so far."”

To date, only small cross-sectional studies and case-control
studies have been published on the relationship between AD and
IBD,”"*? RA,*?* and T1D.”>’ These studies provided prelim-
inary evidence for an association between AD and Crohn disease
(CD) or ulcerative colitis (UC),>*>**® whereas results on the rela-
tionship between AD and RA?*** and on that between AD and
T1D”* " are conflicting.

We set out to examine the relationship of AD with IBD, RA,
and T1D in a large cohort study, hypothesizing that prevalent AD
increases the risk of incident IBD and incident RA and lowers the
risk of incident T1D. Furthermore, we evaluated established RA,
IBD, and T1D susceptibility loci for association with AD.

METHODS
Epidemiological analyses

Study design and participants. This retrospective cohort
study used the Allgemeine Ortskrankenkasse Saxony database,”>**" a pseu-
donymized population-based administrative health care database that holds
complete information on outpatient health care (diagnoses according to the In-
ternational Statistical Classification of Diseases, Tenth Revision [ICD-10]),
treatments according to Anatomical Therapeutic Chemical (ATC) Classifica-
tion code and sociodemographic characteristics (age, sex, area ZIP code) of
2.4 million individuals from Germany from 2005 until 2011. All individuals
aged 40 years or younger in 2005 who were consistently insured from 2005
to 2011 were included in the study.

Exposure and confounding variables. Primary exposure
was defined as prevalent AD in 2005 and/or 2006. To minimize misclassifica-
tion, we defined a priori that the ICD-10 code for AD (L20) had to be docu-
mented at least twice to classify patients having AD.>” We attempted to deal
with unmeasured disease severity by stratification by AD-specific medication
to differentiate participants with AD into those with no anti-inflammatory
treatment prescribed, those with topical anti-inflammatory therapy (ATC
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codes D07 [topical corticosteroids], D11AX14 [topical tacrolimus], and
D11AX1S5 [topical pimecrolimus]), and those with both topical and systemic
anti-inflammatory therapy (LO4AAO1 [ciclosporin] and HO2AB [systemic
corticosteroids]) prescribed in 2005 and/or 2006. The role of AD-specific
health care utilization behavior was assessed by modeling the number of
physician visits due to AD (as a continuous variable).

As confounders, we primarily considered age (continuously) and sex. Data
on the socioeconomic status and the distance to qualified health care providers
may not be directly inferred from the administrative database used. Therefore,
we used the area ZIP code to visualize socioeconomic characteristics of the
living environment and access to health care based on a comprehensive
nationwide database (INKAR 2012).>! Factors used to describe the socioeco-
nomic characteristics of the neighborhood include unemployment rate (%),
average income tax (euro per head of population), and percentage of graduates
with higher education entrance qualification. Access to health care was calcu-
lated as the number of inhabitants per physician in the area. Following the
recommendations of the German National Public Health Institute (The
Robert-Koch Institute), these factors were classified into 3 groups encasing
bottom and top 20% and a center of 60% of the population.*”

To explore the effect of general health care utilization behavior and overall
morbidity, the total number of physician contacts due to reasons other than AD
graded into 4 equally sized groups was modeled as a confounder as part of the
sensitivity analyses.

Primary outcomes. Outcomes of interest were IBD, RA, or TID
incident between January 1, 2007, and December 31, 2011. Incident IBD was
defined as no documentation of IBD, that is, CD (ICD-10 code K50) or UC
(ICD-10 code K51) in 2005 and 2006 plus at least 2 documented physician
contacts due to IBD in the period 2007 to 2011. Incident RA was defined as
no documentation of seropositive RA (ICD-10 code M05) in 2005 and 2006
plus at least 2 documented physician contacts due to seropositive RA in the
period 2007 to 2011. Incident TID was defined as no visit due to T1D
(ICD-10 code E10) in 2005 and 2006 plus at least 2 visits due to T1D and
at least 1 prescription for insulin (ATC code A10A) in the period 2007 to
2011. In accordance with the German good practice of secondary data anal-
ysis,** we excluded patients who had more documentations of diabetes type
2 (ICD-10 code E11) than T1D.

Patients with only 1 physician contact due to IBD or RA within the 5 years
were not considered in the corresponding analyses because their disease status
has to be classified as unclear.™

Statistical analysis

Counts and percentages were calculated for each confounding, outcome,
and exposure variable and for each severity group. Outcome and confounding
variables were tabulated against different AD categories.

Risk ratios (RRs) were calculated with the help of generalized linear
models using a Poisson link function with robust error variance as suggested
by Zou.* The primary model adjusted for age and sex. Sensitivity analyses
included extended models additionally adjusting for socioeconomic charac-
teristics of the living environment and access to health care and for the total
number of physician contacts as an indicator of health care utilization behavior
and overall morbidity. Data were analyzed using STATA version 12 (STATA
Corp, College Station, Tex).

Genetic analysis

A composite list of variants associated with RA, CD, UC, and T1D with
genome-wide significance (P <5 X 10™®) was compiled using the Catalogue
of Published genome-wide association studies.’® A total of 556 single nucle-
otide polymorphisms (SNPs) (189 CD, 117 UC, 187 RA, and 96 T1D) were
then evaluated for association with AD in ImmunoChip data on 2425 patients
with AD and 5449 controls'® and genome-wide association studies data on
2262 cases with AD and 4093 controls.'® The ImmunoChip was designed to
cover all the major autoimmune diseases, in particular, RA, CD, and UC.
SNPTEST" was used to associate the imputed dosage for each SNP with
AD status separately in each study sample with adjustment for the first 3 prin-
cipal components from a multidimensional scaling analysis of population
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stratification. The association test results of those SNPs with relatively high
confidence (PROPER_Info > 0.4) were then meta-analyzed with METAL™
using the inverse-variance method based on a fixed-effect model. For Immu-
noChip data, adjusted association tests were carried out by means of logistic
regression using PLINK.*

Furthermore, the proportion of CD, UC, RA, and T1D risk-increasing

SCHMITTET AL 3

TABLE I. Characteristics of study base stratified by prevalent
AD in 2005 and 2006

Prevalent AD No prevalent

alleles with a positive association with AD (odds ratio [OR] > 1) was assessed,

and it was tested whether these proportions differed from 0.5 (proportion of
SNPs with an OR of >1 for, e.g., CD by chance) using an exact binomial test as
proposed elsewhere.*’

All participating centers were approved by their institutional review
boards, and all participants (or their parents or guardians) gave written
informed consent.

RESULTS
Study population and follow-up

The initial cohort consisted of all insured persons of the AOK-
Plus Saxony from 2005 to 2011 who were 40 years or younger in
2005 and consistently insured from 2005 to 2011 (n = 655,815;
49.5% women; mean age, 23 years). A total of 49,847 individuals
(7.6%) were classified as having prevalent AD in the period 2005
to 2006. Most of the patients with AD received topical anti-
inflammatory treatment in the period 2005 to 2006 (n = 29,359;
58.9%). Topical corticosteroids were prescribed to 27,330
patients with AD (54.8%), topical pimecrolimus to 5203 patients
with AD (10.4%), and topical tacrolimus to 1781 patients with
AD (3.6%). Systemic anti-inflammatory treatment was pre-
scribed to 6357 patients with AD (12.8%). Oral steroids were
by far the most frequently used systemic medications. A total of
6349 patients with AD (12.7%) received oral steroids. Ciclo-
sporin was prescribed to 20 patients with AD (<0.1%). Partici-
pants’ characteristics are summarized in Table I.

A total of 1408 (0.2%) patients with prevalent CD, 1440 (0.2%)
patients with prevalent UC, 313 (0.1%) patients with prevalent
RA, and 1779 (0.3%) patients with prevalent T1D in the period
2005 to 2006 were excluded from subsequent analyses. Patients
with prevalent AD were more likely to have prevalent CD
(P = .009) and less likely to have prevalent T1D (P = .001),
whereas prevalent AD was unrelated to prevalent UC (P = .34)
and prevalent RA (P =.55) (Table I).

In 2059 patients (0.3%) from the follow-up cohort, only 1
single physician contact due to CD was documented in the follow-
up period (2007-2011). Because their disease state was consid-
ered as unclear, these patients were excluded from the following
analyses. The corresponding numbers of patients excluded
because of only a single, nonconfirmed diagnosis of UC, RA,
and TID were 1936 (0.3%), 493 (0.1%), and 1543 (0.2%),
respectively.

The incidence of IBD and RA was higher among women than
among men. In contrast, the incidence of T1D was lower among
women than among men. Incidence rates of IBD, RA, and T1D
among patients with AD and individuals without AD are provided
in Table II.

Relationship of prevalent AD and incident IBD

Adjusting for age and sex (primary model), patients with
prevalent AD in the period 2005 to 2006 had an approximately
34% increased risk of incident CD than did patients without AD
(RR, 1.34;95% CI, 1.11-1.61) (Table III). The likelihood of inci-
dent CD increased with each physician visit due to AD (RR, 1.07;
95% CI, 1.04-1.11 per visit).

Total 2005-2006 AD 2005-2006

(n = 655,815) (n = 49,847) (n = 605,968)

Characteristic n % n % n %
Sex: female 324,741 49.52 29,231 58.64 295,510 48.77

Age in 2005 (y)

0-10 110,757 16.89 20,689 41.51 90,068 14.86
11-20 167,761 25.58 13,928 27.94 153,833 25.39
21-30 174,860 26.66 7,834 15.72 167,026 27.56
31-40 202,437 30.87 7,396 14.84 195,041 32.19
CD (K50) in 2005-2006 1,408 0.21 133 0.27 1,275 0.21
UC (K51) in 2005-2006 1,440 0.22 119 024 1,321 0.22

RA (MO05) in 2005-2006 313 0.05 21 0.04 292 0.05

T1D (E10) in 2005-2006 1,779 0.27 96 0.19 1,683 0.28
SES unemployment*

Low 117,277 17.88 8,910 17.87 108,367 17.89

Middle 452,405 68.99 34,835 69.88 417,570 68.92

High 86,051 13.12 6,102 12.24 79,949 13.20
SES income taxf

Low 85,061 1297 7,041 14.13 78,020 12.88

Middle 385,905 58.85 29,527 59.24 356,378 58.82

High 184,762 28.18 13,278 26.64 171,484 28.30
SES educationf

Low 122,638 18.70 9,341 18.74 113,297 18.70

Middle 289,676 44.18 23,114 46.37 266,562 44.00

High 243,419 37.12 17,392 34.89 226,027 37.31
Access to health care*

Low 108,573 16.56 9,022 18.10 99,551 16.43

Middle 273,658 41.73 19,993 40.11 253,665 41.87

High 273,502 41.71 20,832 41.79 252,670 41.70
Health care utilization

behavior

<25% 158,944 2424 8,280 16.61 150,664 24.86

25%-<50% 168,096 25.63 12,953 25.99 155,143 25.60

50%-<75% 160,426 24.46 13,833 27.75 146,593 24.19

75% 168,349 25.67 14,781 29.65 153,568 25.34

SES, Socioeconomic status.

*Access to health care measured by number of inhabitants per physician in
neighborhood.

tSocioeconomic status measured by rate of unemployment, income tax in euro per
inhabitant, and graduates with higher education entrance in neighborhood classified
into 3 groups encasing bottom and top 20% and a center of 60% of the population as
suggested by the Robert Koch Institute for primary data.*'

TABLE Il. Incidence outcome in the period 2007 to 2011
stratified by prevalent AD in the period 2005 to 2006 and by
sex

AD in 2005-2006 Sex
Outcome of Total Present  Absent Male Female
interest (present) n % n % n % n % n %
CD (K50) 1391 0.21 130 0.26 1261 0.21 556 0.17 835 0.26
UC (K51) 1427 0.22 112 0.23 1315 0.22 644 0.19 783 0.24
RA (MO05) 489 0.07 43 0.09 446 0.07 122 0.04 367 0.11
T1D (E10) 593 0.09 40 0.08 553 0.09 368 0.11 225 0.07

Considering UC, the primary model yielded a 1.25-fold
increased risk in patients with AD than in patients without AD
(RR, 1.25; 95% CI, 1.03-1.53) (Table III).

Subsequent analyses demonstrated that only patients with AD
receiving topical anti-inflammatory treatment were at increased
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Primary model

Sensitivity analyses

Multivariate analysis
(adjusted for age and

Multivariate analysis
(adjusted for age, sex,
socioeconomic status,*

and access to health

Multivariate analysis
(adjusted for age, sex,
socioeconomic status,*
access to health care,
and health care utilization

sex) caret) behavior)
Exposure variable RR (95% CI) P value RR (95% Cl) P value RR (95% CI) P value
CD (K50) in 2007-2011
AD (primary exposure, reference no AD) 1.34 (1.11-1.61) .002  1.35 (1.12-1.63) .002  1.20 (1.00-1.44) .049
Health care utilization due to AD per visit (no. of physician contacts) 1.07 (1.04-1.11) <.001 1.07 (1.04-1.11) <.001 1.06 (1.03-1.10)  <.001
Treatment of AD (reference no AD)
No anti-inflammatory treatment 1.03 (0.74-1.43)  .870 1.04 (0.75-1.44)  .828 1.02 (0.73-1.41) 920
Topical anti-inflammatory treatment 1.59 (1.26-2.00) <.001 1.60 (1.27-2.01) <.001 1.40 (1.12-1.77) .004
Topical and systemic anti-inflammatory treatment 1.26 (0.67-2.36) 467 1.28 (0.69-2.40) 433 0.92 (0.49-1.73) .805
UC (K51) in 2007-2011
AD (primary exposure, reference no AD) 1.25 (1.03-1.53) 025 1.26 (1.03-1.53) 022 1.11 (0.92-1.35) 283
Health care utilization due to AD per visit (no. of physician contacts) 1.05 (1.01-1.09) .014  1.05 (1.01-1.09) .012  1.03 (0.99-1.08) .106
Treatment of AD (reference no AD)
No anti-inflammatory treatment 1.18 (0.85-1.62) 322 1.18 (0.86-1.63) 316 1.13 (0.83-1.56) 443
Topical anti-inflammatory treatment 1.40 (1.08-1.80) .010 1.40 (1.09-1.80) .009 1.22 (0.95-1.57) 115
Topical and systemic anti-inflammatory treatment 0.70 (0.28-1.68) 424 0.70 (0.29-1.69) 432 0.51 (0.21-1.23) 134
RA (MO05) in 2007-2011
AD (primary exposure, reference no AD) 1.72 (1.25-2.37) 001 1.73 (1.26-2.38) .001 1.45 (1.06-1.99) .021
Health care utilization due to AD per visit (no. of physician contacts) 1.09 (1.03-1.15) .002  1.09 (1.03-1.15) .002 1.06 (1.00-1.13) .043
Treatment of AD (reference no AD)
No anti-inflammatory treatment 1.63 (0.97-2.73) .067 1.62 (0.97-2.72) .068 1.47 (0.88-2.46) 144
Topical anti-inflammatory treatment 1.61 (1.04-2.51) 034  1.62 (1.04-2.52) .032  1.34 (0.86-2.08) .192
Topical and systemic anti-inflammatory treatment 1.55 (0.50-4.82) 449 1.58 (0.51-4.94) 426 1.11 (0.36-3.45) .857
TID (E10) in 2007-2011
AD (primary exposure, reference no AD) 0.80 (0.58-1.11) 189  0.81 (0.59-1.12) 202 0.72 (0.53-0.998) .049
Health care utilization due to AD per visit (no. of physician contacts) 0.94 (0.87-1.01) 111 0.94 (0.87-1.02) 119 0.92 (0.85-1.01) .066
Treatment of AD (reference no AD)
No anti-inflammatory treatment 0.49 (0.25-0.95)  .036 0.50 (0.26-0.96)  .037 0.50 (0.26-0.97) .040
Topical anti-inflammatory treatment 0.86 (0.56-1.33) 503 0.87 (0.56-1.34) 516 0.77 (0.50-1.18) 229
Topical and systemic anti-inflammatory treatment 1.51 (0.71-3.19) 283 1.53 (0.72-3.24) 267 1.06 (0.50-2.23) .884

*Socioeconomic status measured by rate of unemployment, income tax in euro per inhabitant, and graduates with higher education entrance in neighborhood classified into 3
groups encasing bottom and top 20% and a center of 60% of the population as suggested by the Robert Koch Institute for primary data.*'
TAccess to health care measured by number of inhabitants per physician in neighborhood.

risk of developing CD (RR, 1.59; 95% CI, 1.26-2.00) and UC
(RR, 1.40; 95% CI, 1.08-1.80), whereas patients with AD not
receiving anti-inflammatory treatment did not differ from patients
without AD. Patients with AD receiving systemic anti-
inflammatory treatment (mainly oral steroids) were not at
increased risk for incident IBD. The association between AD
and IBD was independent of local health care and socioeconomic
status (Table III).

Relationship of prevalent AD and incident RA

After adjustment for age and sex, the risk of incident RA was
72% higher for patients with AD than for patients without AD
(RR, 1.72;95% CI, 1.25-2.37) (Table III). The likelihood of inci-
dent RA increased with each physician contact due to AD (RR per
visit, 1.09; 95% CI, 1.03-1.15) and was independent of anti-
inflammatory treatment of AD.

The adjustment for socioeconomic status and local health care
had negligible effects on the relationship between AD and RA
(RR, 1.73; 95% CI, 1.26-2.38) and decreased slightly after
adjustment for health care utilization behavior (RR, 1.45; 95%
CI, 1.06-1.99).

Relationship of prevalent AD and incident T1D

The primary model did not indicate a significantly decreased
risk of incident T1D for patients with AD compared with patients
without AD (RR, 0.80; 95% CI, 0.58-1.11) (Table III).

The inverse relationship reached statistical significance after
adjustment for health care utilization behavior (RR, 0.72; 95% CI,
0.53-0.998; P =.049).

Sensitivity analyses indicated that patients with AD not
receiving anti-inflammatory treatment had an approximately
50% reduced risk to develop incident T1D compared with
patients without AD (RR, 0.49; 95% CI, 0.25-0.95). Patients
with AD receiving systemic anti-inflammatory treatment tended
to be at increased risk for incident T1D, but this association was
not statistically significant (Table III).

Association analysis of established CD, UC, T1D, and
RA risk loci with AD. Established risk variants in 4 CD
(2q12.1, 11q13.5, 17g21.2, and 20q13.33), 3 UC (4927, 11q13.5,
and 20q13.33), 1 RA (1q21.3), and 2 T1D (4q27 and 6p21.32)
susceptibility loci were significantly associated with AD after
correction for multiple testing (Table I'V; see Tables E1-E4 in this
article’s Online Repository at www.jacionline.org). Apart from
rs2228145 in IL6R (1q21.3; RA), rs9268645 in HLA-DRA
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TABLE IV. AD-associated known CD, UC, RA, and T1D SNPs
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AD
Location Candidate gene SNP CHR POS EA/OA OR (95% Cl) P value RIA° OR Trait Direction
1921.3 IL6R rs2228145 1 154426970 A/C  0.856 (0.787-0.931) 2.61 X 10™* A 1.08 RA Antagonistic
2q12.1 IL1RL1, IL18R1, rs2058660 2 103054449 C/T  1.191 (1.104-1.284) 6.56 X 10~° C 1.19 CD Agonistic
IL18RAP
4q27 ADADI, KIAA1109, rs17388568 4 123329362 T/C  1.176 (1.094-1.264) 1.07 X 107> T 1.12 UC Agonistic
IL2, IL21
T/C  1.176 (1.094-1.264) 1.07 X 107° T 126 TID Agonistic
6p21.32 HLA-DRA 1s9268645 6 32408527 C/G  1.149 (1.073-1.231)  6.80 X 107> G 191* TID Antagonistic
11q13.5 Cllorf30, LRRC32 rs2155219% 11 76299194  G/T  0.808 (0.755-0.864) 6.85 X 107'° T 1.13 UC  Agonistic
1s7927894 76301316  T/C  1.154 (1.076-1.236) 5.10 X 107> T 1.16 CD Agonistic
17gq21.2  STAT3 rs9891119 17 40507980 C/A  1.153 (1.075-1237) 6.63 X 107° A 137 CD Antagonistic
20q13.33 RTELI1, TNFRSF6B, 1s2297441% 20 62327582  G/A  0.766 (0.703-0.834) 9.09 X 107 A 109 UC Agonistic
ZGPAT rs48093301 62349586  T/C  0.812 (0.753-0.876) 753 X 10°® C 112 CD Agonistic

EA/OA, Effect allele/other allele; RiA, risk allele.

*#OR and risk allele derived from Bradfield et al."”

tLinkage disequilibrium (LD) between rs2155219 and rs7927894: 1* = 0.733.
$Moderate LD between rs2297441 and rs4809330: /2 = 0.484.

(6p21.32, T1D), and rs9891119 in STAT3 (17q21.2; CD), all risk
SNPs showed agonistic effects with AD.

A total of 23 additional risk SNPs for CD, 11 for UC, 23 for RA,
and 13 for T1D showed suggestive association with AD (P <.05)
(see Tables E1-E4). Of these, 11 (47.8%), 2 (18.2%), 13 (56.5%),
and 4 (30.8%) had effect directionalities consistent with findings
from the epidemiological analysis, that is, ORs of more than 1 for
CD, UC, and RA SNPs and OR of less than 1 for T1D risk SNPs.

Proportion of CD, UC, RA, and T1D risk alleles
associated with AD

In 53.6%, 52.4%, and 48.6% of all risk SNPs for CD, UC, and
RA, the same risk alleles showed a positive association (OR > 1)
and 54.7% of the T1D SNPs showed a negative association with
AD, which is in the range of expectation by chance (P >.39). Re-
stricting to those SNPs showing nominal association with AD
(P <.05), the proportions of risk allele with agonistic association
were 53.6%, 35.7%, and 54.2% for CD, UC, and RA and with
antagonistic association was 33.3% for T1D, which is also within
the range of expectation by chance (P >.18).

DISCUSSION
Main findings

This large cohort study extends previous findings indicating
that patients with prevalent AD are at a significantly increased risk
to develop IBD and RA than are patients without AD. In this
cohort, patients with prevalent AD also had a slightly decreased
risk for incident T1D, which, however, was significant only when
considering health care utilization behavior as confounder. The
associations between AD and IBD, RA, and T1D were indepen-
dent of local health care and socioeconomic status. The risk of
incident IBD and RA increased with each physician visit due to
AD, and was increased in patients who received topical anti-
inflammatory treatment for AD, suggesting a possible “dose-
response” relationship. As previously reported,”’ a substantial
proportion of patients with AD received systemic steroids,
whereas other systemic agents such as ciclosporin were rarely
used. In the present study, the RR of incident comorbidities

differed between patients with AD receiving topical anti-
inflammatory treatments and patients additionally receiving sys-
temic anti-inflammatory agents (>99% oral steroids). Although
none of these subgroup analyses reached statistical significance,
our sensitivity analysis suggest that the risk of incident T1D
may be increased in patients with AD receiving systemic steroids,
whereas the chance of detection/manifestation of comorbidities
such as IBD and RA may be decreased as compared with patients
with AD receiving topical treatment only.

We did not find a higher proportion of established risk alleles
for IBD and RA nor was T1D associated with AD in a consistent
directionality more frequently than the 50% expected by chance,
indicating that, for the most part, these diseases do not have a
shared genetic background. However, 4 CD risk loci and 1 UC
locus, which comprise genes important for adaptive immune
regulation  (ILIRLI/ILISRI/ILISRAP, RTELI/TNFRSF6B,
STAT3, and IL2/IL21) and tissue response (LRRC32), were signif-
icantly associated with AD. Four of these loci showed a concor-
dant effect directionality (Tables E1 and E2) and could
contribute to the excess comorbidity in that they confer a higher
risk for disease coexpression. To test this hypothesis, however,
large cohorts with phenotype information on both diseases would
be needed.

Possible explanations

AD, IBD, and RA are characterized by T-cell-mediated
chronic inflammation.'****® Prominent Tj;1 and Ty17 responses
promoting autoimmunity are well known to contribute to the
chronicity of RA and IBD.*’ More recently, they have also been
implicated in the transition to chronic inflammation in AD.***
Furthermore, a recent systematic review provided evidence for
autoreactivity in up to one third of the patients with AD, in partic-
ular those with severe and persistent disease.”’ Interestingly, our
data suggest that the strongest association with IBD and RA is
seen for such patients with AD. Although our data do not allow
conclusions on causality, it is tempting to speculate that the devel-
opment of RA and IBD in subgroups of patients with AD is
precipitated by a sustained skin inflammation with increased
Ty1/Ty17 signaling and secretion of proinflammatory cytokines
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including TNF-a, similar to what has been postulated for a sub-
group of patients with psoriasis.”® Epigenetic changes secondary
to prolonged systemic inflammation might be another mechanism
linking chronic-inflammatory diseases.”’ >

The immune abnormalities observed in AD are in part
genetically predetermined, as evidenced by established AD
susceptibility genes that regulate T-cell differentiation and effector
function, or encode components of the innate immune system.””
Interestingly, previous disease-by-disease gene mapping studies
indicated that many of these AD risk genes are also implicated
in other IMIDs, including IBD and RA. 19In some cases, the direc-
tion of genetic effects is clearly divergent, for example, for a func-
tional polymorphism in /L6R, which was shown to increase the
risk for AD and asthma,”*> while exerting a protective effect
on RA,” and for common polymorphisms in IL2/IL21.""7"% In
contrast, the same effect directions were observed for variants at
C11orf30/LRRC32 and TNFRSF6B'®''"®" and AD/IBD, or
IL18RI and AD/IBD/RA.""**%° Our comprehensive i silico anal-
ysis including both large-scale genome-wide association studies
and high-density genotyping data for IMID candidate loci con-
firms these observations, but beyond this they do not indicate a
disproportionate occurrence of CD, UC, RA, or T1D risk alleles
in AD. Although we cannot exclude that there are as yet undeter-
mined genetic determinants that specifically confer risk to coex-
pression of AD with CD, UC, and RA or protection to T1D in
certain AD subtypes, known susceptibility loci of these IMIDs
cannot explain the excess comorbidities. Current knowledge of
risk factors and biological mechanisms involved in these diseases
does not allow a coherent explanation. Analyses based on system-
atic reviews concerning environmental risk factors of AD resulted
in, for example, an increased risk of AD in children with antibi-
otics in the first years of life,°! a favorable or inconsistent effect
of exposure to pets,”>** and an inverse association between AD
and endotoxin as well as early day care.®* None of these risk fac-
tors was investigated in systematic reviews on IBD, T1D, and RA.
Much of this uncertainty may be related to their phenotypic hetero-
geneity, which may well reflect different mechanisms and risk fac-
tors. Large cohort studies with detailed clinical information, for
example, on disease subphenotypes and courses, will be needed
to work out determinants of subtle disease corelationships.

Study strengths and limitations

To our knowledge, this is the first study that used routine data to
assess the association between AD on the one hand and IBD, T1D,
and RA on the other hand. A major strength of our study is the
design, allowing us to capture a comprehensive and complete
picture of the course of AD and comorbidities in a large and
relatively unselected population of approximately 650,000 pa-
tients, with low risks for selection and recall bias. In addition, we
adjusted for a priori defined confounders, including age and sex.
Because of the inadequate documentation of socioeconomic sta-
tus and missing documentation of local health care access within
administrative health care data in Germany, we used an innovative
way to adjust for both confounders through a linkage of the AOK
Saxony database and a comprehensive nationwide database of so-
cioeconomic and other characteristics for every ZIP-code area in
Germany.’' A limitation of our study is possible residual con-
founding and ecological bias due to aggregated socioeconomic
data for neighborhood instead of individual data. Furthermore,
in our secondary data, false classification bias or incomplete
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documentation cannot be ruled out. However, the sensitivity ana-
lyses performed suggest that the observed findings are robust.
From patients with prevalent autoimmune disease in the period
2005 to 2006 who were excluded from the analysis, AD was dis-
proportionally more prevalent in patients with CD and less prev-
alent in patients with T1D, indicating that the present analysis
might actually underestimate the risk for patients with AD to
develop those diseases.

Implications for future research

Overall, this study indicated a modest increase in the risk of
incident IBD and RA in patients with AD. Further research is
needed to identify the subset of patients with AD at highest risk
for the development of RA and/or IBD and the underlying
determinants. This may (1) lead to a better understanding of the
pathophysiology of AD and the comorbidities investigated and
(2) may eventually induce the development, evaluation, and
implementation of targeted comprehensive care models.

Further research is also needed to disentangle the effects of AD
and AD treatment on the risk of incident comorbidities. In our
cohort, oral steroids were used in a substantial proportion of
patients with AD, whereas other systemic anti-inflammatory
agents were rarely prescribed. The introduction of new biological
agents will offer the chance to better understand the effects of
targeted AD treatment as a potential modifier of the observed risk
for comorbidities.

We thank the Saxony Compulsory Health Insurance AOK-PLUS for
cooperation in data utilization and for providing technical support.

Clinical implication: Patients with prevalent AD are at an

increased risk for RA and IBD.
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