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Abstract

Background: Anorexia nervosa (AN), a serious eating disorder, and inflammatory
bowel diseases (IBD) share a number of key symptoms, for example, discomfort
during eating and early satiety. Despite the symptom overlap, studies on comor-
bidity are limited and mostly conducted in relatively small samples. This study in-
vestigates the comorbidity of diagnosed AN with IBD, and the subtypes Crohn's
disease and ulcerative colitis, in a population-based sample and explores whether
genetic factors could play a role in the overlap.

Methods: The study included 1,238,813 individuals born in Denmark 1981-2005
selected from the population register (5067 diagnosed with AN and 6947 diag-
nosed with any IBD), including a subsample of 23,236 individuals with genetic in-
formation (4271 with AN and 176 with any IBD). By combining hospital-based
diagnoses recorded in health registers until 2013 with polygenic scores (PGS) of AN
and IBD, we investigated possible associations between diagnoses of each disorder,
both within individuals and families, and between PGS of one disorder and diagnosis
of the other disorder. Analyses were conducted using Cox regression and logistic

regression.
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INTRODUCTION

Anorexia nervosa (AN) is characterized by an intense fear of weight
gain and low body mass index (BMI), sustained through food re-
striction, excessive energy expenditure, and/or purging behavior.
Digestive symptoms and gastrointestinal complications are common
in AN (Hetterich et al., 2019; Norris et al., 2016; Salvioli et al., 2013;
Schalla & Stengel, 2019; Zipfel et al., 2006).

Inflammatory bowel diseases (IBD) are a group of conditions
characterized by chronic inflammation of the digestive tract, with the
two most common IBD subtypes being Crohn's disease and ulcerative
colitis. IBD can result in pain or nausea during eating and/or early
satiety. Thus, patients with IBD may avoid certain foods they expe-
rience to trigger their symptoms, potentially leading to altered eating
behavior and weight loss (Hughes et al., 2016).

Despite the observable symptom overlap between AN and IBD,
comorbidity between these disorders has not been studied exten-
sively. A 2014 Finnish study reported an increased risk of prior
gastroenterological immune-mediated diseases, including Crohn's
disease and ulcerative colitis, in AN patients compared with controls.
They did not find significantly increased rates of gastroenterological
diseases following AN onset (Raevuori et al., 2014). A study based in
the UK Record Linkage Cohort Study reported increased risk of both
Crohn's disease following prior AN and of AN following prior Crohn's
disease (Wotton et al., 2016). A systematic review by llzarbe et al.
based on 14 articles, encompassing only 219 cases in total (llzarbe
et al.,, 2017) found that in cases diagnosed with both types of dis-
orders, 50% were first diagnosed with an eating disorder and 50%
with an IBD, and that the most frequently reported comorbidity was
AN and Crohn's disease (n = 90). Comorbid diagnoses of AN and IBD
can lead to challenges in both diagnosis and treatment, with misdi-
agnosis or inappropriate treatment having the potential to exacer-
bate both illnesses (Mascolo et al., 2017). The mechanisms behind the
associations is suggested to include misdiagnosis due to common
symptoms, a causal relationship where one disorder leads to the
other, or shared environmental and/or genetic risk factors (Santoni-
cola et al., 2019). A study of genetic correlations between psychiatric
and immune-related phenotypes identified no significant correla-
tions for AN with either Crohn's disease or ulcerative colitis
(Tylee et al., 2018).

Results: We found that a prior diagnosis of AN was associated with hazard ratios of
1.44 (1.05, 1.97) for any IBD, 1.60 (1.04, 2.46) for Crohn's disease, and 1.66 (1.15,
2.39) for ulcerative colitis, whereas IBD diagnoses were not significantly associated
with later AN diagnosis. No significant within-families associations were observed.
We found no associations between AN and IBD using PGS.

Conclusions: AN was associated with later risk of IBD, Crohn's disease, and ulcer-
ative colitis; however, the reverse was not observed. It is important for clinicians to
be aware of this association to evaluate IBD as a differential diagnosis or an

emergent condition in patients with AN.

anorexia nervosa, Crohn's disease, eating disorders, inflammatory bowel diseases, ulcerative

Key points

e Despite sharing some key symptoms, research on the
comorbidity between anorexia nervosa (AN) and in-
flammatory bowel diseases is limited and based on
smaller samples

e Based on a large, population-based sample, we examined
the associations between diagnosed AN and inflamma-
tory bowel disease and between genetic liability
captured using polygenic scores and disease risk in both
directions

e We found that prior diagnoses of AN were associated
with higher rates of later inflammatory bowel disease,
whereas we found no evidence of an association in the
opposite direction

e Clinicians treating patients with AN should be aware of

inflammatory bowel disease as a potential comorbidity

The purpose of this study was to investigate to what degree AN
and IBD are associated in a large population-based cohort and
whether genetic associations could explain any observed association,
which may help identify individuals at high risk and shed light on
possible etiological mechanisms. In order to determine whether any
potential associations are specific to AN, we conduct similar analyses

of associations between IBD and depression for comparison.

MATERIALS AND METHODS

Data sources

This study was conducted by combining information from Danish
population-based registers, polygenic scores (PGS) and summary
statistics from genome-wide association studies (GWAS). All Danish
citizens are assigned a civil registration number at birth or upon
immigration, which is used as a unique identifier in all national reg-
isters and enables accurate linkage between them. Information on
dates of birth, death, and migration; place of birth; and identity of
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parents were obtained from the Danish Civil Registration System,
established in 1968 (Pedersen, 2011). Information on contacts to
hospitals was obtained from the Danish National Patient Register
(Lynge et al, 2011) and the Danish Psychiatric Central Research
Register (Mors et al., 2011). The National Patient Register and the
Psychiatric Central Research Register contain information on all
hospital inpatient contacts since their establishment in 1977 and
1969, respectively, and since 1995 also outpatient and emergency
room contacts. The diagnostic system used in Denmark was the In-
ternational Classification of Diseases, 8th revision (ICD-8) until 1994,
when it was replaced by the International Classification of Diseases,
10th revision (ICD-10). Data on parental educational levels were
obtained from the Danish Population Education Register (Jensen &
Rasmussen, 2011).

Since May 1981, dried blood spot samples from all nearly all
Danish newborns have been collected after routine screening for
congenital diseases within the first few days of life and stored at the
Danish  Newborn (Ngrgaard-Pedersen &
Hougaard, 2007).

This study was approved by the Danish Data Protection Agency

and the Danish Scientific Ethics Committee.

Screening Biobank

Study population

The various parts of the study were conducted in two study pop-
ulations, one of which encompassed the other.

The study population used in the register-only part of the study
was defined as singletons born in Denmark between May 1, 1981 and
December 31, 2005, who were alive and living in Denmark on their
6th birthday. To ensure complete parental history of psychiatric

disorders, only individuals with known and Danish-born mother and
father were retained, resulting in a study population of 1,238,813
individuals (600,774 female, 48.69%).

A study subpopulation was used when combining register in-
formation with PGS and comprised individuals from the first study
population who either had a register-based diagnosis of ICD-10
broad AN (F50.0, F50.1) after their 6th birthday (N = 5065) or
were included in a subcohort chosen at random from the eligible
background population (N = 24,986). The AN cases originated
from the Danish branch of the Anorexia Nervosa Genetics Initia-
tive (ANGI), described in detail by Thornton et al. (2018), whereas
the random subcohort came from the iPSYCH2012 case-cohort
sample, described by Pedersen et al. (2018). Individuals who had
not been genotyped due to missing blood spots in the biobank,
who were not of European ancestry, or whose genotype data
failed to pass quality control were excluded from the study pop-
ulation. In case of relatedness in the sample, one person from each
related pair was removed at random. In total, 794 AN cases and
6021 subcohort members were removed, resulting in a final sub-
population of 23,236 individuals (12,808 female, 55.12%), including
4271 AN cases and 18,965 randomly chosen individuals without a
registered AN diagnosis. Figure 1 depicts the inclusion criteria for
both the larger study population used for register-only analyses
and the smaller study subpopulation used for combined register
and genetic data. A subpopulation of 40,438 individuals (23,369
female, 57.79%) was included in the analyses including PGS for the
comparison disorder depression, consisting of 18,761 depression
cases and 21,677 randomly chosen individuals with no regis-
both from the iPSYCH2012
study. Figure S1 depicts the populations used for analyses of

tered diagnosis of depression,

depression.

Study population

Not genotyped due to
missing sample in biobank
or fail to pass quality
control
N=794

All singletons born in Denmark to
Danish-born parents May 1, 1981-
December 31, 2005, who were alive
and living in Denmark by age 6
N=1,238,813

Not selected for genotyping

—

N=1,208,762
v
Individuals selected for genotyping
as part of the iPSYCH2012
subcohort or ANGI-DK
N=30,051
y A
Cases from ANGI-DK with 'P?(e%%‘i?;%iﬁgi?gon
a register-based diagnosis register-based anorexia
of anorexia nervosa by nervosa diagnosis by
December 31, 2013 December 31 2013
=508 N=24,986
------------ '_-_-_--_-_--------_-_----_-_----_---_-----------------_-‘.----_------_‘ \‘
P Non-anorexia nervosa '
Anorexia nervosa cases tudy subpopulation subcohort with genotype H
with genotype data N=23.236 dat '
N=4,271 =& - :
» N=18,965 |

Not genotyped due to
missing sample in biobank
or fail to pass quality
control
N=6,021

FIGURE 1 Flowchart depicting the inclusion of individuals in the study population and in the study subpopulation
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Diagnoses

We included information on the first contact to a hospital resulting in
a discharge diagnosis of broad AN (ICD-10: F50.0, F50.1), Crohn's
disease (ICD-8: 563.0x; ICD-10: K50), ulcerative colitis (ICD-8:
563.19, 569.04; ICD-10: K51), and IBD (Crohn's disease and ulcer-
ative colitis combined; Harpsge et al., 2014). For the comparison
disorder depression, diagnoses of F32 and F33 were included. All
contacts were considered except for referral diagnoses, and for AN
and depression, only contacts initiated after the 6th birthday were
included. The date of onset was defined as the admission date of the
first contact with the discharge diagnosis of interest. Parental di-
agnoses were defined in a similar manner, but also included ICD-8
diagnoses of AN (306.50) and depression (296.09, 296.29, 298.09,
and 300.49). Individuals were considered exposed to parental history

of each specific disorder if at least one parent had been diagnosed.

Summary statistics files and PGS

Inclusion of genetic information was based on genotyping of DNA
extracted from neonatal dried blood spot samples stored in the
Danish Newborn Screening Biobank. Retrieval of blood samples,
genotyping, and quality control have been described in detail else-
where (Pedersen et al., 2018; Thornton et al., 2018; Watson
et al., 2019). Summary statistics files used in the calculation of PGS
and for Mendelian randomization (MR) were obtained from genome-
wide association studies (GWAS) of AN (Watson et al. [2019]
excluding Danish contributions for PGS calculations), IBD, Crohn's
disease, ulcerative colitis (de Lange et al, 2017), and depression
excluding Danish samples (Wray et al., 2018). 23andMe is a direct-to-
consumer provider of genetic testing which also collects phenotype
data among its customers using surveys. Participants provided
informed consent and participated in the research online, under a
protocol approved by the external AAHRPP-accredited IRB, Ethical &
Independent Review Services (E&I Review). The full GWAS summary
statistics for the 23andMe discovery data set will be made available
through 23andMe to qualified researchers under an agreement with
23andMe that protects the privacy of the 23andMe participants.
Please visit https://research.23andme.com/collaborate/#dataset-ac-
cess/ for more information and to apply to access the data. PGS are
one-dimensional measures of genetic liability of a specific trait for an
individual in a target sample, calculated as a sum of risk variants
across the genome, weighted by associated effect sizes derived from
a GWAS performed in an independent discovery sample. In this
study, PGS were calculated for each individual accounting for linkage
disequilibrium (LD) using the LDpred method (Vilhjalmsson
et al,, 2015) in two batches: (1) the iPSYCH subcohort along with
ANGI cases diagnosed with narrow AN (F50.0) prior to 2013, and (2)
ANGI cases diagnosed with narrow AN during 2013 only or with
atypical AN (F50.1) by end of 2013, who were not already included in
the first batch. This was done because the early narrow AN cases
were genotyped along with the iPSYCH2012 sample, while the
atypical and later narrow AN cases were genotyped separately. For
LDpred parameters, we set the LD radius to 100 single-nucleotide
polymorphisms (SNP; which approximately equals the number of
SNPs divided by 3000, the recommended LD radius for LDpred) and

calculated PGS for a range of p parameters (expected fraction of non-
zero effects). Number of SNPs used in PGS calculations are listed in
Table S1. We calculated correlations with case status of the same
disorder for all tested LDpred p parameter thresholds (presented in
Table S2) and chose the PGS that yielded the highest positive cor-
relation for each disorder (AN, IBD: 0.1. Crohn's disease, ulcerative
colitis: 0.001). Calculation of the depression PGS (p-value threshold
0.2) use in our analyses has been described elsewhere (Grove
et al., 2019). As we compared a limited number of models, the risk of
overfitting is small. The chosen PGS were standardized separately for
the two batches by subtracting the mean and dividing by the stan-
dard deviation (SD) of the subcohort.

Statistical analysis

For the associations between diagnoses, survival analysis of the risk
of being diagnosed with one disorder was conducted in the full study
population using Cox proportional hazards regression by comparing
individuals exposed to personal or parental history of the other dis-
order from date of first diagnosis to those not exposed, resulting in
estimated hazard ratios (HR) with 95% confidence intervals (Cl). Each
person in the study population was followed from their 6 birthday
until the first diagnosis of the disorder of interest, death, emigration,
or December 31, 2013, whichever occurred first. Analyses were
adjusted for birth year quartiles, age as the underlying time scale, and
sex by separate baseline hazards. Additional analyses were con-
ducted including time since the exposure diagnoses.

The associations between PGS of one disorder and case status of
the other disorder by end of 2013 was estimated in the study sub-
population using logistic regression, adjusted for sex and birth year,
grouped into quartiles. Analyses including PGS were also controlled
for population stratification by adjusting for the first 10 genomic
principal components. The PGS were included in the logistic model as
continuous variables, where results are reported as change in odds
per SD. To measure the proportion of variance explained by the PGS,
we report the difference in Nagelkerke's pseudo-R? from the full
logistic model and the null model without PGS.

To account for the case-cohort design, individuals in the sub-
population were weighted in the logistic models according to their
AN case status, with cases assigned weight equaling 1 and non-cases
assigned weight equal to the inverse of the probability of inclusion in
the random subcohort, that is, the size of the eligible background
population without AN diagnoses divided by the size of the random
subcohort. The same approach was used in analyses for depression
with differential weighting of depression cases and non-cases.

All analyses of the association between diagnoses or between PGS
and diagnoses were adjusted for parental educational level at proband
age 6, defined as the highest completed education of either parent in
four categories: basic school, vocational training or high school, short-
or medium-term higher education, and long-term higher education.

Two-sample MR based on summary statistics files was conducted
to test for causality, and we report MR-Egger regression results.

All analyses described above were repeated for depression, and
all statistical analyses were conducted in Stata version 15 or in
R version 3.6 using the TwoSampleMR package (Hemani et al., 2018).
The statistical significance threshold for all results was 0.05.
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RESULTS

The 1,238,813 members of the study population were followed until
a maximum age of 32 years and contributed a combined ~17.3
million person-years to the survival analyses. During follow-up, 5064
individuals were diagnosed with AN, 6947 with IBD, 3461 with
Crohn's disease, 4396 with ulcerative colitis, and 25,275 with
depression.

Results from the survival analyses of diagnostic associations are
presented in Table 1, which also lists the number of individuals
exposed to the prior diagnosis at some point during follow-up and the
number of exposed cases. Results for covariates are listed in Ta-
ble S3. Having a prior diagnosis of AN was associated with statisti-
cally significantly increased hazards of later diagnoses of IBD (HR:
1.44 [95% Cl: 1.05-1.97]), Crohn's disease (1.60 [1.04-2.46]), and
ulcerative colitis (1.66 [1.15-2.39]). Results regarding the time since
the exposure diagnosis are included in Table S4. There were no
statistically significant associations of a later AN diagnosis for in-
dividuals with previous diagnoses of IBD, Crohn's disease, or ulcer-
ative colitis.

We found no statistically significant results for parental diagnoses
and later offspring diagnoses for any combination of diagnosis. The
results for depression, presented in Table 2, were comparable to the
AN results. We observed elevated rates of similar magnitude of later
IBD and IBD subtypes for individuals previously diagnosed with
depression, and no statistically significant association between
parental and offspring diagnoses, except for increased rates of
depression for individuals with at least one parent diagnosed with
Crohn's disease. However, we also found increased rates of later
depression in individuals previously diagnosed with IBD and IBD
subtypes.

Associations between PGS and diagnoses of the same disorder
are presented in Table S5 for validation of the PGS in the sample.

JCPP Advances @ | 50f10

Of the study subpopulation used in the logistic analyses of as-
sociation with PGS, 176 were diagnosed with IBD, 83 with Crohn's
disease, and 115 with ulcerative colitis by the end of 2013. In in-
dividuals diagnosed with both AN and IBD during the follow-up
period, the median time between diagnoses was 4.5 years if AN
was the prior diagnosis and 1.9 years if IBD was the prior diagnosis.

Results from the PGS analyses are presented in Table 3. We
found no statistically significant patterns of association between the
PGS of one disorder and case status of the other disorder in either
direction, except for a negative association between ulcerative colitis
PGS and AN case status (OR: 0.95 [95% Cl: 0.91-0.99] per SD). In
comparison, no significant associations between depression and IBD
using PGS were found (Table 4).

None of the MR analyses yielded significant MR-Egger slope
estimates, shown in Table Sé, indicating no causal genetic relation-
ship between AN and IBD in either direction. We also found no

evidence for a causal relationship between depression and IBD.

DISCUSSION

In this study of diagnostic and genetic associations between AN and
IBD, we found that having a prior diagnosis of AN was associated
with increased hazard of later being diagnosed with IBD including
specifically Crohn's disease and ulcerative colitis. We found no evi-
dence of association between prior IBD and later AN, between
parental and offspring diagnoses, or between PGS of one disorder
and onset of the other. Based on the currently available data, we
found no indication of causal genetic relationships between the two
conditions. Any associations we did find were replicated for associ-
ations between IBD and depression as well.

The positive associations between prior AN and later onset of
IBD could in part point to a non-genetic relationship between the

TABLE 1 Associations between within-individual and within-family diagnoses of anorexia nervosa and inflammatory bowel diseases,

depending on the order of diagnoses

Individuals
exposed
during
Exposure diagnosis follow-up (N)
Within- Prior anorexia nervosa 5042
individual
|n. vidua Prior anorexia nervosa 5055
diagnoses
Prior anorexia nervosa 5051
Prior inflammatory bowel disease 7059
Prior Crohn's disease 3521
Prior ulcerative colitis 4446
Within-family  Parental anorexia nervosa 3072
di
s Parental anorexia nervosa 3076
Parental anorexia nervosa 3073

Parental inflammatory bowel disease 34,874
Parental Crohn's disease 13,222

Parental ulcerative colitis 25,433

Outcome diagnosis

Inflammatory bowel disease 40

Exposed
individuals
with outcome

diagnosis (N) HR (95% CI) p

1.44 (1.05, 1.97) 0.024

Crohn's disease 22 1.60 (1.04, 2.46) 0.033
Ulcerative colitis 29 1.66 (1.15, 2.39) 0.007
Anorexia nervosa 21 1.30 (0.84, 2.02) 0.241
Anorexia nervosa 9 1.04 (0.52, 2.08) 0.911
Anorexia nervosa 12 1.26 (0.71, 2.21) 0.468
Inflammatory bowel disease 11 0.98 (0.54, 1.77) 0.9813
Crohn's disease 5 0.87 (0.36, 2.09) 0.756
Ulcerative colitis 9 1.29 (0.70, 2.59) 0.442
Anorexia nervosa 123 1.11 (0.93, 1.33) 0.262
Anorexia nervosa 46 1.11 (0.83, 1.50) 0.486
Anorexia nervosa 90 1.12 (0.90, 1.38) 0.304

Note: Hazard ratios (HR) with 95% confidence intervals (Cl).
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TABLE 2 Associations between within-individual and within-family diagnoses of depression and inflammatory bowel diseases, depending

on the order of diagnoses

Individuals Exposed
exposed individuals with
during outcome
Exposure diagnosis follow-up (N) Outcome diagnosis diagnosis (N) HR (95% CI) p
Within- Prior depression 25,091 Inflammatory bowel disease 162 1.53 (1.30, 1.79) <0.001
individual
individua Prior depression 25174 Crohn's disease 89 1.80 (146, 2.23)  <0.001
diagnoses
Prior depression 25,164 Ulcerative colitis 93 1.30 (1.05, 1.62) 0.015
Prior inflammatory bowel disease 6938 Depression 184 1.45 (1.25, 1.67) <0.001
Prior Crohn's disease 3454 Depression 101 1.59 (1.30, 1.93) <0.001
Prior ulcerative colitis 4383 Depression 111 1.39 (1.15, 1.68) 0.001
Within-family Parental depression 76,013 Inflammatory bowel disease 307 0.95 (0.85, 1.07) 0.457
di
1agnoses Parental depression 76,093 Crohn's disease 167 1.06 (0.91, 1.24) 0.44
Parental depression 76,072 Ulcerative colitis 190 0.92 (0.79, 1.07) 0.274
Parental inflammatory bowel disease 34,778 Depression 602 1.02 (0.94, 1.11) 0.635
Parental Crohn's disease 13,192 Depression 260 1.19 (1.07, 1.37) 0.006
Parental ulcerative colitis 25,354 Depression 408 0.95 (0.86, 1.05) 0.336

Note: Hazard ratios (HR) with 95% confidence intervals (Cl).

TABLE 3 Associations between anorexia nervosa polygenic scores (PGS) and diagnoses of inflammatory bowel disease and subtypes, and

vice versa

Exposure PGS

Anorexia nervosa

Anorexia nervosa

Anorexia nervosa
Inflammatory bowel disease
Crohn's disease

Ulcerative colitis

Outcome diagnosis
Inflammatory bowel disease
Crohn's disease

Ulcerative colitis

Anorexia nervosa

Anorexia nervosa

Anorexia nervosa

Individuals

with outcome

diagnosis (N)

176
83
115
4271
4271
4271

Nagelkerke pseudo-R?
OR (95% Cl)/SD p Null model  Full model Difference
1.03 (0.83, 1.28) 0.767 0.794214 0.197496 0.000282
0.88 (0.66, 1.18) 0.403 0.110876 0.113495 0.002319
1.12 (0.84, 1.49) 0446 0.189134 0.191425 0.002291
1.04 (0.99, 1.08) 0.115 0.231002 0.231205 0.000203
1.03 (0.99, 1.08) 0.150 0.231002 0.231457 0.000456
0.95 (0.91,0.99) 0.020 0.231002 0.231163 0.000161

Note: Odds ratios (OR) with 95% confidence intervals (Cl) per one standard deviation (SD) increase in PGS.

TABLE 4 Associations between depression polygenic score (PGS) and diagnoses of inflammatory bowel disease and its subtypes, and vice

versa

Exposure PGS

Depression

Depression

Depression

Inflammatory bowel disease
Crohn's disease

Ulcerative colitis

Outcome diagnosis
Inflammatory bowel disease
Crohn's disease

Ulcerative colitis
Depression

Depression

Depression

Individuals

Nagelkerke pseudo-R?

with outcome

diagnosis (N)

396
199
244
18,761
18,761

18,761

OR (95% Cl)/SD p Null model Full model Difference
0.99 (0.80, 1.22) 0.914 0.130244 0.130263 0.000019
0.92 (0.70, 1.22) 0.568 0.108187 0.108911 0.000724
0.95(0.72,1.25) 0.725 0.106734 0.107045 0.000031
1.00 (0.98, 1.03) 0.803 0.328959 0.328963 0.000004
1.00 (0.98, 1.03) 0.779 0.328959 0.328964 0.000005
0.98 (0.95, 1.01) 0.219  0.328959 0.329054  0.000095

Note: Odds ratios (OR) with 95% confidence intervals (Cl) per one standard deviation (SD) increase in PGS.

disorders. AN behaviors including persistent restrictive food intake,
self-induced vomiting, and laxative misuse may negatively impact the
function of the digestive tract and result in persistent gastrointestinal
complications (Salvioli et al., 2013; Zipfel et al., 2006). Clinical studies

have found that individuals suffering from AN have atypical intestinal
microbiota and lower microbial diversity (Armougom et al., 2009;
Avila et al., 2019; Bulik et al., 2019; Glenny et al., 2017; Pfleiderer
et al., 2013; Roubalova et al., 2020; Seitz et al., 2019), and it has been
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proposed that IBD are associated with microbiota dysbiosis and
inappropriate immune response to the gut microbes, which aggravate
gut inflammation (Tamboli et al., 2004; Zuo & Ng, 2018). Given the
inflammatory component to IBD and the established associations
between infections, autoinflammatory illnesses and eating disorders
(Breithaupt et al., 2019; Zerwas et al., 2017), any association could be
due to shared inflammatory and immunological pathophysiology. It is
also possible that the associations between prior AN and later IBD
could be explained by shared environmental risk factors not
accounted for in our analyses. Although we did not find significant
associations in either direction, it is possible that a longer follow-up
period and the addition of more individuals to the cohort could
change these results, and as the robustness of the AN PGS will
improve with increasing AN GWAS sample size.

The fact that we found comparable associations between prior
depression and later IBD show that the relationship is not specific to
AN among psychiatric disorders, although the exact pathways for
these associations may differ. For example, depression is associated
with increased cortisol levels and reduced sensitivity of glucocorti-
coid receptors, which can enhance inflammatory responses (Frolkis
et al.,, 2019) and increase the risk of IBD.

We did not observe any statistically significant association be-
tween prior IBD and later AN. IBD can occur at any age, but peak
age of onset is between ages 20 and 40 (Malik, 2015), and with a
young cohort with ages ranging between 8 and 32 years and not
having passed through the peak age of onset period, few individuals
have been exposed to first IBD and later AN. Older longitudinal
cohorts may vyield different results. That a potential association
could exist seems reasonable, as the pain and discomfort often
associated with eating for IBD patients could lead to increased
focus on diet, avoiding certain foods, altered eating behavior, and
weight loss, similar to what is seen in disordered eating (Conviser
et al., 2018). In a population-based Swedish study of associations
between autoimmune illnesses and eating disorders, Hedman et al.
reported statistically significant bidirectional associations between
AN and Crohn's disease in women (Hedman et al., 2019). Further-
more, Zerwas et al. reported a statistically significant association
between prior gastrointestinal disorders (including Crohn's disease
and ulcerative colitis) and later AN in a study based on the entire
Danish population (Zerwas et al, 2017). As IBD was included
among a number of autoinflammatory diseases with gastrointestinal
involvement, it is not possible to directly compare the results to
ours, despite the overlap in samples. In contrast to our AN findings,
we found statistically significant associations between prior IBD and
later depression. Inflammation as risk factor for depression is well-
established (Kéhler et al., 2016), and as depression generally has a
later onset than AN, our study design using the present data was
better suited to detect associations of prior IBD and later

depression.

Strengths and limitations

We used a population-based main study sample and a case-cohort
subcohort, including one that was chosen at random from the

Danish population, and blood samples collected shortly after birth
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from nearly all individuals born in Denmark were obtained from a
national biobank. This approach minimizes biases affecting selection
into the study sample. The young age of the study population could
explain some of the non-significant results, especially regarding prior
diagnoses of IBD, and we expect that reliability will improve with
longer follow-up.

We found no evidence of causality due to shared genetics be-
tween AN and IBD. However, the summary statistics files used in
the MR analyses were based on relatively small samples. In
particular, only eight genome-wide significant SNPs have been
identified for AN, and PGS for IBD, Crohn's disease and ulcerative
colitis were not significantly associated with diagnoses of the same
disease in our sample (see Table S3), limiting the confidence of any
conclusions.

History of diagnoses was obtained from national health regis-
ters, which eliminates recall bias. However, Danish health registers
only include diagnoses given in hospital and not in primary care.
This could mean that we only capture the most severe cases of both
AN, IBD and depression. We were unable to adjust for any other
comorbidities that may play a role in the association between AN
and IBD due to the relatively low number of comorbid cases. It is
not possible to discern to what degree misdiagnosis could explain
the association seen in this study. Eating disorders and IBD share
common features and symptoms, such as weight loss and altered
eating behavior, and misdiagnosis between the two have been re-
ported in the literature (Gryboski, 1993; Hershman & Hersh-
man, 1985; Jenkins et al., 1988). Although misdiagnosing AN as an
IBD is possible, IBD diagnoses in the Danish health registers have
high validity (Fonager et al., 1996), with positive predictive values
for diagnoses given in Danish hospitals of 97% for Crohn's disease
and 90% for ulcerative colitis. Although the validity of IBD di-
agnoses in Danish registers have been found to increase with the
requirement of at least two separate diagnoses (Lophaven
et al, 2017), we were unable to conduct the analyses using this
approach due to low counts of exposed cases. Although register-
based diagnoses of AN have not yet been validated in Denmark,
the likelihood of IBD being misdiagnosed as AN is low, given that an
AN diagnosis requires not only weight loss sustained through food
restriction and compensatory measures, but also an intense fear of
weight gain and a self-perception of being too fat, which is unique
to AN.

CONCLUSION

Our results point to a relationship between diagnoses of AN and IBD.
We found no evidence of genetic or causal explanations, although
further studies into this field may identify possible mechanisms and
help identify individuals at greater risk of both AN and IBD.

Comorbidity of AN and IBD can potentially complicate treat-
ment of either illness. Clinicians treating patients with AN should be
aware of these associations and that IBD is a potential differential
diagnosis or may present as a later emergent disease. When treating
AN, clinicians may also consider whether gastrointestinal symp-
toms are not just sequelae of AN, but could in fact be manifestations
of IBD.



LARSEN ET AL

8of10 | @ JCPP Advances

ACKNOWLEDGMENTS

The study and the collection of samples were funded by the Lund-
beck Foundation through the Lundbeck Foundation Initiative for
Integrative Psychiatric Research (iPSYCH; grant no. R248-2017-
2003) and by the Anorexia Nervosa Genetics Initiative (ANGI), an
initiative of the Klarman Family Foundation. Additional support was
from the NIMH Center for Collaborative Genomics Research on
Mental Disorders (award U24 MH068457). The study was further
funded by Helsefonden (grant no. 18-B-0154). Cynthia M. Bulik ac-
knowledges funding from the Swedish Research Council (Veten-
skapsradet, award: 538-2013-8864), the Brain and Behavior
Research Foundation Distinguished Investigator Award, Lundbeck
Foundation (Grant no. R276-2018-4581), and National Institute of
Mental Health (NIMH; ROIMH120170, RO1IMH119084, and U01
MH109528). Zeynep Yilmaz acknowledges grant support from the
NIMH (K0O1MH109782; RO1IMH105500; RO1MH120170) and the
Brain and Behavior Research Foundation (NASRAD Young Investi-
gator Award, grant #28799). The authors would also like to thank the
International Inflammatory Bowel Disease Genetics Consortium, the
Psychiatric Genomics Consortium, and the research participants and
employees of 23andMe Inc for providing the summary statistics used

to generate the polygenic scores.

CONFLICT OF INTERESTS

Cynthia M. Bulik is a grant recipient and Scientific Advisory Board
member of Shire, a consultant for Idorsia, and author and royalty
recipient from Pearson. She is also a member of the Editorial Advi-
sory Board for JCPP Advances. The remaining authors have declared
that they have no competing or potential conflicts of interest. [Cor-
rections made on 22 June 2022, after first online publication: This
Conflict of Interests statement has been updated in this version.]

AUTHOR CONTRIBUTIONS

Janne Tidselbak Larsen, Cynthia M. Bulik, Laura M. Thornton, and
Liselotte Vogdrup Petersen conceived the research question and
design. Funding acquisition and data collection was done by Thomas
Werge, David M. Hougaard, Preben Bo Mortensen, and Cynthia M.
Bulik. Data management and analysis was done by Janne Tidselbak
Larsen, supervised by Liselotte Vogdrup Petersen, Zeynep Yilmaz,
and Bjarni Johann Vilhjalmsson. Interpretation of results was done by
Janne Tidselbak Larsen, Zeynep Yilmaz, Bjarni Johann Vilhjalmsson,
Laura M. Thornton, Michael Eriksen Benros, Katherine L. Musliner,
Cynthia M. Bulik, and Liselotte Vogdrup Petersen. First draft was
written by Janne Tidselbak Larsen. All authors reviewed and edited
drafts and approved the final draft.

ETHICS STATEMENT

The study was approved by the Danish Data Protection Agency (AU
DT ID: 2015-57-0002 - AU LBNR: 565; AU DT ID: 2015-57-098 -
AU LBNR: 760), the Danish Health Data Authority (SDS FSE ID: 98;
672; 1722; 1999), and the Danish National Committee on Health
Research Ethics (ID: 1-10-72-287-12).

DATA AVAILABILITY STATEMENT

Research data are not shared.

ORCID

Janne Tidselbak Larsen " https://orcid.org/0000-0002-0385-1017

REFERENCES

Armougom, F., Henry, M., Vialettes, B., Raccah, D., & Raoult, D. (2009).
Monitoring bacterial community of human gut microbiota reveals an
increase in Lactobacillus in obese patients and Methanogens in
anorexic patients. PLoS One, 4(9), e7125. https://doi.org/10.1371/
journal.pone.0007125

Avila, J. T, Park, K. T., & Golden, N. H. (2019). Eating disorders in ado-
lescents with chronic gastrointestinal and endocrine diseases. The
Lancet Child &Adolescent Health, 3(3), 181-189. https://doi.org/10.
1016/s2352-4642(18)30386-9

Breithaupt, L., Kéhler-Forsberg, O., Larsen, J. T., Benros, M. E., Thornton,
L. M,, Bulik, C. M., & Petersen, L. (2019). Association of exposure to
infections in childhood with risk of eating disorders in adolescent
girls. JAMA Psychiatry, 76(8), 800-809. https://doi.org/10.1001/
jamapsychiatry.2019.0297

Bulik, C. M,, Flatt, R., Abbaspour, A., & Carroll, I. (2019). Reconceptualizing
anorexia nervosa. Psychiatry and Clinical Neurosciences, 73(9),
518-525. https://doi.org/10.1111/pcn.12857

Conviser, J. H., Fisher, S. D., & McColley, S. A. (2018). Are children with
chronic illnesses requiring dietary therapy at risk for disordered
eating or eating disorders? A systematic review. International Journal
of Eating Disorders, 51(3), 187-213. https://doi.org/10.1002/eat.
22831

De Lange, K. M., Moutsianas, L., Lee, J. C, Lamb, C. A, Luo, Y., Ken-
nedy, N. A, Rice, D. L., Gutierrez-Achury, J., Ji, S.-G., Heap, G.,
Nimmo, E. R., Edwards, C., Henderson, P., Mowat, C., Sanderson, J.,
Satsangi, J., Simmons, A., Wilson, D. C., Tremelling, M., ... Barrett,
J. C. (2017). Genome-wide association study implicates immune
activation of multiple integrin genes in inflammatory bowel dis-
ease. Nature Genetics, 49(2), 256-261. https://doi.org/10.1038/ng.
3760

Fonager, K., Sgrensen, H. T., Rasmussen, S. N., Mgller-Petersen, J., &
Vyberg, M. (1996). Assessment of the diagnoses of Crohn's disease
and ulcerative colitis in a Danish hospital information system.
Scandinavian Journal of Gastroenterology, 31(2), 154-159. https://doi.
org/10.3109/00365529609031980

Frolkis, A. D., Vallerand, I. A., Shaheen, A.-A., Lowerison, M. W., Swain,
M. G,, Barnabe, C., Kaplan, G. G., & Kaplan, G. G. (2019). Depression
increases the risk of inflammatory bowel disease, which may be
mitigated by the use of antidepressants in the treatment of
depression. Gut, 68(9), 1606-1612. https://doi.org/10.1136/gutjnl-
2018-317182

Glenny, E. M., Bulik-Sullivan, E. C,, Tang, Q., Bulik, C. M., & Carroll, I. M.
(2017). Eating disorders and the intestinal microbiota: Mecha-
nisms of energy homeostasis and behavioral influence. Current
Psychiatry Reports, 19(8), 51. https://doi.org/10.1007/511920-017-
0797-3

Grove, J., Ripke, S., Als, T. D., Mattheisen, M., Walters, R. K., Won, H.,
Pallesen, J., Agerbo, E., Andreassen, O. A., Anney, R., Awashti, S.,
Belliveau, R., Bettella, F., Buxbaum, J. D., Bybjerg-Grauholm, J.,
Bakvad-Hansen, M., Cerrato, F., Chambert, K., Christensen, J. H,, ...
Barglum, A. D. (2019). Identification of common genetic risk variants
for autism spectrum disorder. Nature Genetics, 51(3), 431-444.
https://doi.org/10.1038/s41588-019-0344-8

Gryboski, J. D. (1993). Eating disorders in inflammatory bowel disease.
American Journal of Gastroenterology, 88(2), 293-296.

Harpsge, M. C., Basit, S., Andersson, M., Nielsen, N. M., Frisch, M,
Wohlfahrt, J., Linneberg, A., & Jess, T. (2014). Body mass index and
risk of autoimmune diseases: a study within the Danish National
Birth Cohort. International Journal of Epidemiology, 43(3), 843-855.
https://doi.org/10.1093/ije/dyu045

Hedman, A., Breithaupt, L., Hubel, C., Thornton, L. M., Tillander, A., Nor-
ring, C., Larsson, H., Ludvigsson, J. F., Sdvendahl, L., Almqvist, C., &
Bulik, C. M. (2019). Bidirectional relationship between eating
disorders and autoimmune diseases. Journal of Child Psychology and
Psychiatry and Allied Disciplines, 60(7), 803-812. https://doi.org/10.
1111/jcpp.12958

Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D.,
Burgess, S., Bowden, J., Langdon, R., Tan, V. Y., Yarmolinsky, J., Shi-
hab, H. A, Timpson, N. J., Evans, D. M,, Relton, C., Martin, R. M,,
Davey Smith, G., Gaunt, T. R., & Haycock, P. C. (2018). The MR-Base


https://orcid.org/0000-0002-0385-1017
https://orcid.org/0000-0002-0385-1017
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1016/s2352-4642%2818%2930386-9
https://doi.org/10.1016/s2352-4642%2818%2930386-9
https://doi.org/10.1001/jamapsychiatry.2019.0297
https://doi.org/10.1001/jamapsychiatry.2019.0297
https://doi.org/10.1111/pcn.12857
https://doi.org/10.1002/eat.22831
https://doi.org/10.1002/eat.22831
https://doi.org/10.1038/ng.3760
https://doi.org/10.1038/ng.3760
https://doi.org/10.3109/00365529609031980
https://doi.org/10.3109/00365529609031980
https://doi.org/10.1136/gutjnl%2D2018-317182
https://doi.org/10.1136/gutjnl%2D2018-317182
https://doi.org/10.1007/s11920-017-0797-3
https://doi.org/10.1007/s11920-017-0797-3
https://doi.org/10.1038/s41588-019-0344-8
https://doi.org/10.1093/ije/dyu045
https://doi.org/10.1111/jcpp.12958
https://doi.org/10.1111/jcpp.12958
https://orcid.org/0000-0002-0385-1017

ANOREXIA NERVOSA AND INFLAMMATORY BOWEL DISEASES—DIAGNOSTIC AND GENETIC ASSOCIATIONS

platform supports systematic causal inference across the human
phenome. Elife, 7, e34408. https://doi.org/10.7554/eLife.34408

Hershman, M. J., & Hershman, M. (1985). Anorexia nervosa and Crohn's
disease. British Journal of Clinical Practice, 39(4), 157-159.

Hetterich, L., Mack, |., Giel, K. E., Zipfel, S., & Stengel, A. (2019). An update
on gastrointestinal disturbances in eating disorders. Molecular and
Cellular Endocrinology, 497, 110318. https://doi.org/10.1016/j.mce.
2018.10.016

Hughes, L. D., King, L., Morgan, M., Ayis, S., Direkze, N., Lomer, M. C,
Whelan, K., & Whelan, K. (2016). Food-related quality of life in in-
flammatory bowel disease: Development and validation of a ques-
tionnaire. J Crohns Colitis, 10(2), 194-201. https://doi.org/10.1093/
ecco-jcc/jjv192

llzarbe, L., Fabrega, M., Quintero, R., Bastidas, A., Pintor, L., Garcia-
Campayo, J., llzarbe, D., & llzarbe, D. (2017). Inflammatory bowel
disease and eating disorders: A systematized review of comorbidity.
Journal of Psychosomatic Research, 102, 47-53. https://doi.org/10.
1016/j.jpsychores.2017.09.006

Jenkins, A. P, Treasure, J., & Thompson, R. P. (1988). Crohn's disease
presenting as anorexia nervosa. British Medical Journal, 296(6623),
699-700. https://doi.org/10.1136/bmj.296.6623.699

Jensen, V. M,, & Rasmussen, A. W. (2011). Danish education registers.
Scandinavian Journal of Public Health, 39, 91-94. https://doi.org/10.
1177/1403494810394715

Kohler, O., Krogh, J., Mors, O., & Benros, M. E. (2016). Inflammation in
depression and the potential for anti-inflammatory treatment. Cur-
rent Neuropharmacology, 14(7), 732-742. https://doi.org/10.2174/
1570159x14666151208113700

Lophaven, S. N., Lynge, E., & Burisch, J. (2017). The incidence of inflam-
matory bowel disease in Denmark 1980-2013: A nationwide cohort
study. Alimentary Pharmacology and Therapeutics, 45(7), 961-972.
https://doi.org/10.1111/apt.13971

Lynge, E., Sandegaard, J. L, & Rebolj, M. (2011). The Danish National
Patient Register. Scandinavian Journal of Public Health, 39(7 Suppl),
30-33. https://doi.org/10.1177/1403494811401482

Malik, T. A. (2015). Inflammatory bowel disease: Historical perspective,
epidemiology, and risk factors. Surgical Clinics of North America, 95(6),
1105-1122. https://doi.org/10.1016/j.suc.2015.07.006

Mascolo, M., Geer, B., Feuerstein, J., & Mehler, P. S. (2017). Gastrointes-
tinal comorbidities which complicate the treatment of anorexia
nervosa. Eating Disorders, 25(2), 122-133. https://doi.org/10.1080/
10640266.2016.1255108

Mors, O., Perto, G. P., & Mortensen, P. B. (2011). The Danish Psychi-
atric Central Research Register. Scandinavian Journal of Public
Health, 39(7 Suppl), 54-57. https://doi.org/10.1177/14034948103
95825

Ngrgaard-Pedersen, B., & Hougaard, D. M. (2007). Storage policies and
use of the Danish newborn screening biobank. Journal of Inherited
Metabolic Disease, 30(4), 530-536. https://doi.org/10.1007/s10545-
007-0631-x

Norris, M. L., Harrison, M. E., Isserlin, L, Robinson, A. Feder, S., &
Sampson, M. (2016). Gastrointestinal complications associated with
anorexia nervosa: A systematic review. International Journal of Eating
Disorders, 49(3), 216-237. https://doi.org/10.1002/eat.22462

Pedersen, C. B. (2011). The Danish Civil Registration System. Scandinavian
Journal of Public Health, 39(7 Suppl), 22-25. https://doi.org/10.1177/
1403494810387965

Pedersen, C. B., Bybjerg-Grauholm, J., Pedersen, M. G., Grove, J., Agerbo,
E., Baekvad-Hansen, M., Hansen, C. S., McGrath, J. J, Als, T. D,
Goldstein, J. ., Neale, B. M., Daly, M. J., Hougaard, D. M., Mors, O.,
Nordentoft, M., Bgrglum, A. D., Werge, T., & Mortensen, P. B. (2018).
The iPSYCH2012 case-cohort sample: New directions for unravel-
ling genetic and environmental architectures of severe mental
disorders. Molecular Psychiatry, 23(1), 6-14. https://doi.org/10.1038/
mp.2017.196

Pfleiderer, A, Lagier, J. C., Armougom, F., Robert, C., Vialettes, B., &
Raoult, D. (2013). Culturomics identified 11 new bacterial species
from a single anorexia nervosa stool sample. European Journal of

JCPP Advances @ | 9of10

Clinical Microbiology & Infectious Diseases, 32(11), 1471-1481.
https://doi.org/10.1007/s10096-013-1900-2

Raevuori, A., Haukka, J., Vaarala, O., Suvisaari, J. M., Gissler, M.,
Grainger, M., Suokas, J. T., & Suokas, J. T. (2014). The increased
risk for autoimmune diseases in patients with eating disorders.
PloS One, 9(8), e104845. https://doi.org/10.1371/journal.pone.
0104845

Roubalova, R., Prochazkova, P. Papezova, H., Smitka, K., Bilej, M., &
Tlaskalova-Hogenova, H. (2020). Anorexia nervosa: Gut microbiota-
immune-brain interactions. Clinical Nutrition, 39(3), 676-684.
https://doi.org/10.1016/j.clnu.2019.03.023

Salvioli, B., Pellicciari, A., lero, L., Di Pietro, E., Moscano, F., Gualandi, S.,
Franzoni, E., De Giorgio, R., Ruggeri, E., & Franzoni, E. (2013). Audit
of digestive complaints and psychopathological traits in patients
with eating disorders: a prospective study. Digestive and Liver Dis-
ease, 45(8), 639-644. https://doi.org/10.1016/j.dld.2013.02.022

Santonicola, A., Gagliardi, M., Guarino, M. P. L., Siniscalchi, M., Ciacci, C., &
lovino, P. (2019). Eating disorders and gastrointestinal diseases.
Nutrients, 11(12), 3038. https://doi.org/10.3390/nu11123038

Schalla, M. A, & Stengel, A. (2019). Gastrointestinal alterations in
anorexia nervosa—A systematic review. European Eating Disorders
Review, 27(5), 447-461. https://doi.org/10.1002/erv.2679

Seitz, J.,, Belheouane, M. Schulz, N., Dempfle, A, Baines, J. F., &
Herpertz-Dahlmann, B. (2019). The impact of starvation on the
microbiome and gut-brain interaction in anorexia nervosa. Fron-
tiers in Endocrinology, 10, 41. https://doi.org/10.3389/fendo.2019.
00041

Tamboli, C. P., Neut, C., Desreumaux, P., & Colombel, J. F. (2004). Dys-
biosis in inflammatory bowel disease. Gut, 53(1), 1-4. https://doi.org/
10.1136/gut.53.1.1

Thornton, L. M., Munn-Chernoff, M. A,, Baker, J. H., Jureus, A., Parker, R.,
Henders, A. K., Petersen, L., Watson, H. J, Yilmaz, Z., Kirk, K. M.,
Gordon, S., Lepp4, V. M., Martin, F. C., Whiteman, D. C,, Olsen, C. M.,
Werge, T. M., Pedersen, N. L., Kaye, W., Bergen, A. W,, ... Bulik, C. M.
(2018). The Anorexia Nervosa Genetics Initiative (ANGI): Overview
and methods. Contemporary Clinical Trials, 74, 61-69. https://doi.org/
10.1016/j.cct.2018.09.015

Tylee, D. S, Sun, J,, Hess, J. L., Tahir, M. A, Sharma, E., Malik, R., Levine,
A. J., Martinson, J. J,, Nejentsev, S., Speed, D., Fischer, A., Mick, E.,
Walker, B. R, Crawford, A., Grant, S. F. A, Polychronakos, C.,
Bradfield, J. P., Sleiman, P. M. A., Hakonarson, H., ... Glatt, S. J. (2018).
Genetic correlations among psychiatric and immune-related phe-
notypes based on genome-wide association data. American Journal of
Medical Genetics Part B: Neuropsychiatric Genetics, 177(7), 641-657.
https://doi.org/10.1002/ajmg.b.32652

Vilhjalmsson, B. J., Yang, J., Finucane, H. K., Gusev, A, Lindstrom, S., Ripke, S.,
Genovese, G, Loh, P.-R,, Bhatia, G., Do, R., Hayeck, T., Won, H.-H.,
Schizophrenia Working Group of the Psychiatric Genomics Con-
sortium, Discovery, Biology, and Risk of Inherited Variants in Breast
Cancer (DRIVE) study, Kathiresan, S., Pato, M., Pato, C., Tamimi, R,,
Stahl, E., Zaitlen, N., ... Price, A. L. (2015). Modeling linkage disequi-
librium increases accuracy of polygenic risk scores. American Journal of
Human Genetics, 97(4), 576-592. https://doi.org/10.1016/j.ajhg.2015.
09.001

Watson, H. J, Yilmaz, Z., Thornton, L. M., Hubel, C., Coleman, J. R. I,
Gaspar, H. A, Bryois, J., Hinney, A, Leppa, V. M., Mattheisen, M.,
Medland, S. E., Ripke, S., Yao, S., Giusti-Rodriguez, P., Hanscombe,
K. B., Purves, K. L., Adan, R. A. H., Alfredsson, L., Ando, T., ... Bulik,
C. M. (2019). Genome-wide association study identifies eight risk
loci and implicates metabo-psychiatric origins for anorexia nervosa.
Nature Genetics, 51(8), 1207-1214. https://doi.org/10.1038/s41588-
019-0439-2

Wotton, C. J.,, James, A., & Goldacre, M. J. (2016). Coexistence of eating
disorders and autoimmune diseases: Record linkage cohort study,
UK. International Journal of Eating Disorders, 49(7), 663-672. https://
doi.org/10.1002/eat.22544

Wray, N. R, Ripke, S., Mattheisen, M., Trzaskowski, M., Byrne, E. M.,
Abdellaoui, A., Adams, M. J., Agerbo, E., Air, T. M., Andlauer, T. M. F.,,


https://doi.org/10.7554/eLife.34408
https://doi.org/10.1016/j.mce.2018.10.016
https://doi.org/10.1016/j.mce.2018.10.016
https://doi.org/10.1093/ecco%2Djcc/jjv192
https://doi.org/10.1093/ecco%2Djcc/jjv192
https://doi.org/10.1016/j.jpsychores.2017.09.006
https://doi.org/10.1016/j.jpsychores.2017.09.006
https://doi.org/10.1136/bmj.296.6623.699
https://doi.org/10.1177/1403494810394715
https://doi.org/10.1177/1403494810394715
https://doi.org/10.2174/1570159x14666151208113700
https://doi.org/10.2174/1570159x14666151208113700
https://doi.org/10.1111/apt.13971
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1016/j.suc.2015.07.006
https://doi.org/10.1080/10640266.2016.1255108
https://doi.org/10.1080/10640266.2016.1255108
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1007/s10545-007-0631%2Dx
https://doi.org/10.1007/s10545-007-0631%2Dx
https://doi.org/10.1002/eat.22462
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1038/mp.2017.196
https://doi.org/10.1038/mp.2017.196
https://doi.org/10.1007/s10096-013-1900-2
https://doi.org/10.1371/journal.pone.0104845
https://doi.org/10.1371/journal.pone.0104845
https://doi.org/10.1016/j.clnu.2019.03.023
https://doi.org/10.1016/j.dld.2013.02.022
https://doi.org/10.3390/nu11123038
https://doi.org/10.1002/erv.2679
https://doi.org/10.3389/fendo.2019.00041
https://doi.org/10.3389/fendo.2019.00041
https://doi.org/10.1136/gut.53.1.1
https://doi.org/10.1136/gut.53.1.1
https://doi.org/10.1016/j.cct.2018.09.015
https://doi.org/10.1016/j.cct.2018.09.015
https://doi.org/10.1002/ajmg.b.32652
https://doi.org/10.1016/j.ajhg.2015.09.001
https://doi.org/10.1016/j.ajhg.2015.09.001
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1002/eat.22544
https://doi.org/10.1002/eat.22544

10 of 10 9 JCPP Advances LARSEN ET AL

Bacanu, S.-A., Bakvad-Hansen, M., Beekman, A. F. T., Bigdeli, T. B., SUPPORTING INFORMATION
Binder, E. B., Blackwood, D. R. H., Bryois, J., Buttenschgn, H. N, Additional supporting information may be found in the online version
Bybjerg-Grauholm, J., ... Sullivan, P. F. (2018). Genome-wide asso-
ciation analyses identify 44 risk variants and refine the genetic
architecture of major depression. Nature Genetics, 50(5), 668-681.
https://doi.org/10.1038/s41588-018-0090-3

Zerwas, S., Larsen, J. T., Petersen, L., Thornton, L. M., Quaranta, M., Koch, How to cite this article: Larsen, J. T., Yilmaz, Z., Vilhjalmsson,
S. V., Bulik, C. M., Mortensen, P. B, & Bulik, C. M. (2017). Eating B. J., Thornton, L. M., Benros, M. E., Musliner, K. L., Eating
disorders, autoimmune, and autoinflammatory disease. Pediatrics,
140(6), €20162089. https://doi.org/10.1542/peds.2016-2089

Zipfel, S., Sammet, ., Rapps, N., Herzog, W., Herpertz, S., & Martens, U.
(2006). Gastrointestinal disturbances in eating disorders: clinical and Bulik, C. M., & Petersen, L. V. (2021). Anorexia nervosa and
neurobiological aspects. Autonomic Neuroscience, 129(1-2), 99-106. inflammatory bowel diseases—Diagnostic and genetic
https://doi.org/10.1016/j.autneu.2006.07.023 L. .

Zuo, T, & Ng, S. C. (2018). The gut microbiota in the pathogenesis and associations. JCPP Advances, 1(4), €12036. https://doi.org/10.
therapeutics of inflammatory bowel disease. Frontiers in Microbiology, 1002/jcv2.12036
9, 2247. https://doi.org/10.3389/fmicb.2018.02247

of the article at the publisher's website.

Disorders Working Group of the Psychiatric Genomics
Consortium, Werge, T., Hougaard, D. M., Mortensen, P. B.,


https://doi.org/10.1038/s41588-018-0090-3
https://doi.org/10.1542/peds.2016-2089
https://doi.org/10.1016/j.autneu.2006.07.023
https://doi.org/10.3389/fmicb.2018.02247
https://doi.org/10.1002/jcv2.12036
https://doi.org/10.1002/jcv2.12036

	amalicsdk䠢
	amalicsdk䲔
	catch_httpiadrcomi4apagesindexcfmpageid4537શ
	catch_httpiadrcomi4apagesindexcfmpageid4537亄
	catch_httpsdoiorg101002capr12191䕭
	description䗬",
	catch_httpsdoiorg101111jnc14122䳲
	catch_httpsdoiorg101111jnc14122堮
	catch_httpsdoiorg101111jvim0006㵰
	catch_httpsdoiorg101111jvim0006䋷
	catch_httpsdoiorg101111jvim0006䏔
	catch_httpsdoiorg101111jvim0006嵼
	descriptio乹,",
	catch_httpsdoiorg101111jvim1006䡅
	catch_httpsdoiorg101111jvim1006䮒
	catch_httpsdoiorg101111jvim1006䯞
	catch_httpsdoiorg101111jvim1006慿
	catch_httpsdoiorg101111jvim9005䡵
	catch_httpsdoiorg101111jvim9005䵅
	catch_httpsdoiorg101111jvim9005䶢
	catch_httpsdoiorg101111jvim9005埖
	description䗪",
	catch_httpsorcidorg0000000184810294䉫
	catch_httpsorcidorg0000000184810294䒆
	catch_httpsorcidorg0000000184810294䪪
	catch_httpsorcidorg0000000185954994㫔
	catch_httpsorcidorg0000000185954994㬟
	catch_httpsorcidorg0000000185954994䈍
	catch_httpsorcidorg0000000185954994䔭
	catch_httpsorcidorg0000000185954994䘩
	catch_httpsorcidorg0000000185954994䦊
	catch_httpsorcidorg0000000185954994䨄
	catch_httpsorcidorg000000019933135XϢ
	catch_httpsorcidorg000000019933135X㭶
	catch_httpsorcidorg000000019933135X㲙
	catch_httpsorcidorg000000019933135X㵎
	catch_httpsorcidorg000000019933135X㹊
	catch_httpsorcidorg000000019933135X㾌
	catch_httpsorcidorg000000019933135X䄥
	catch_httpsorcidorg000000019933135X䋕
	catch_httpsorcidorg000000019933135X䎲
	catch_httpsorcidorg000000019933135X䢿
	catch_httpsorcidorg000000019933135X光
	catch_httpsorcidorg000000019933135X嵑
	catch_httpsorcidorg0000000225290409ඓ
	catch_httpsorcidorg0000000225290409බ
	catch_httpsorcidorg0000000225290409䛌
	catch_httpsorcidorg0000000225290409䜈
	catch_httpsorcidorg0000000225290409䜬
	catch_httpsorcidorg0000000229907808㹎
	catch_httpsorcidorg0000000229907808䄑
	catch_httpsorcidorg0000000229907808䆻
	catch_httpsorcidorg0000000236734319ሥ
	catch_httpsorcidorg0000000236734319㴥
	catch_httpsorcidorg0000000236734319䊭
	catch_httpsorcidorg0000000236734319䤦
	catch_httpsorcidorg0000000236734319䩬
	catch_httpsorcidorg0000000312674785㿈
	catch_httpsorcidorg0000000312674785䒯
	description
	catch_httpwwwgerodontologyeunextmeettngphpટ
	catch_httpwwwgerodontologyeunextmeettngphp亏
	davidwellergmailcom६
	davidwellergmailcom䙛
	mtakivetmedhokudaiacjp㲑
	mtakivetmedhokudaiacjp㾂
	Anorexia nervosa and inflammatory bowel diseases—Diagnostic and genetic associations
	INTRODUCTION
	MATERIALS AND METHODS
	Data sources
	Study population
	Diagnoses
	Summary statistics files and PGS
	Statistical analysis

	RESULTS
	DISCUSSION
	Strengths and limitations

	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTERESTS
	AUTHOR CONTRIBUTIONS
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT


