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Background: Evidence for anorexia and bulimia in relation to the risk of ulcerative 
colitis (UC) is limited and inconsistent. The objective of this research was to utilize 
bi-directional, two-sample Mendelian randomization (MR) analysis to predict the 
causal association between anorexia nervosa and bulimia nervosa with UC.

Methods: The genome-wide association studies (GWAS) provided data 
for anorexia and bulimia from the UK Biobank, utilizing single-nucleotide 
polymorphisms (SNP) as instrumental variables. Additionally, genetic associations 
with UC were collected from various sources including the FinnGen Biobank, 
the UK Biobank and the International Inflammatory Bowel Disease Genetics 
Consortium (IIBDGC). The main analytical approach utilized in this study was 
the inverse-variance-weighted (IVW) method. To evaluate horizontal pleiotropy, 
the researchers conducted MR-Egger regression and MR-PRESSO global test 
analyses. Additionally, heterogeneity was assessed using the Cochran’s Q test.

Results: This study found a negative association between genetically predicted 
bulimia (OR  =  0.943, 95% CI: 0.893–0.996; p  =  0.034) and the risk of UC in the 
IIBDGC dataset, indicating that individuals with bulimia have approximately a 
5.7% lower risk of developing UC. No association was observed in the other 
two datasets. Conversely, genetically predicted anorexia was not found to 
be causally associated with UC. In bi-directional Mendelian randomization, UC 
from the IIBDGC dataset was negatively associated with the risk of anorexia 
(OR  =  0.877, 95% CI: 0.797–0.965; p  =  0.007), suggesting that UC patients 
have approximately a 12.3% lower risk of developing anorexia, but not causally 
associated with bulimia.

Conclusion: Genetically predicted bulimia may have a negative association with 
the onset of UC, while genetically predicted anorexia does not show a causal 
relationship with the development of UC. Conversely, genetically predicted UC 
may have a negative association with the development of anorexia.
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1 Introduction

Ulcerative colitis (UC) is a type of inflammatory bowel disease (IBD) characterized by 
chronic inflammation of the colon and rectum (1). The disease typically begins in the distal 
regions of the colon and may progress proximally to involve the entire colon. The prevalence of 
UC is increasing within the population (1), with its development attributed to complex 
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interactions between environmental factors, eating disorders, the 
immune system, gut microbiota, and genetic predispositions (2, 3). 
Limited research exists on the association between eating disorders and 
IBD (4), primarily consisting of case reports and general studies on 
autoimmune disorders in individuals with eating disorders (5, 6). Those 
with IBD may encounter abdominal pain and bowel movement 
difficulties during meals, potentially leading them to selectively exclude 
or prefer certain foods. Consequently, dietary habits may be linked to 
symptoms of eating disorders in patients with UC (7). The primary 
eating disorders of concern are bulimia nervosa and anorexia nervosa, 
with research indicating a potential link between IBD and eating 
disorders, though the underlying mechanisms remain uncertain. 
Recognizing this association is crucial, as prompt identification of this 
comorbidity may lead to improved outcomes. One hypothesis suggests 
that the chronic inflammation associated with UC may impact the 
hypothalamic-pituitary-adrenal (HPA) axis, which plays a critical role 
in regulating stress and appetite (8, 9). This dysregulation could 
potentially lead to the development of eating disorders in UC patients. 
Conversely, the psychological stress and abnormal eating behaviors seen 
in eating disorders may exacerbate the immune response and 
inflammation, thereby increasing the risk of developing UC. The 
bidirectional risk pattern observed from the above findings suggests that 
eating disorders and ulcerative colitis may share a common pathogenesis 
and may be a third mediating variable leading to the association of 
these diseases.

Mendelian randomization (MR) is a methodological approach 
utilized in epidemiological research to investigate causal relationships 
between exposure factors and outcomes by leveraging genetic variants 
as instrumental variables with robust associations with the exposure 
factors (10). Due to the random assignment of germline genetic 
variation during meiosis, MR designs effectively reduce confounding 
variables and remain unaffected by environmental factors, thereby 
enhancing the validity of causal inference. The establishment of a 
validated MR association is predicated upon three fundamental 
assumptions: (1) the assumption of association, which posits a robust 
association between single nucleotide polymorphisms (SNPs) and 
exposure factors; (2) the assumption of independence, which asserts 
that SNPs are not influenced by confounders, thereby ensuring that 
genetic variation is not linked to confounding variables; and (3) the 
assumption of exclusivity, which stipulates that SNPs can solely impact 
the outcome through exposure factors, thereby precluding any direct 
effect of genetic variation on the outcome (11). Despite an exhaustive 
search, no MR studies examining the relationship between eating 
disorders (specifically anorexia nervosa and bulimia nervosa) and 
ulcerative colitis were identified. In order to mitigate the impact of 
potential confounding variables on establishing causality, the present 
study employs MR to explore the causal association between anorexia 
nervosa, bulimia nervosa, and ulcerative colitis.

2 Methods

2.1 Study design

Figure  1 illustrate the representation of Mendelian 
randomization assumptions and the construction of the study 
design. This study utilizes publicly available data from published 
genome-wide association studies (GWASs) conducted by the UK 

Biobank (12),1 FinnGen study (FinnGen Documentation of R10 
release https://finngen.gitbook.io/documentation/), and the 
International Inflammatory Bowel Disease Genetics Consortium 
(IIBDGC) (13). No further ethical review was deemed necessary 
for this MR study, as the GWAS studies incorporated in the analysis 
had already received approval from the relevant institutional 
review boards and ethics committees.

2.2 Instrumental variable selection

We initially identified GWASs in the FinnGen database on the two 
exposures of anorexia nervosa (European ethnicity, 1,039 cases and 
213,826 controls; https://storage.googleapis.com/finngen-public-
data-r10/summary_stats/finngen_R10_F5_ANOREX.gz) and bulimia 
nervosa (European ethnicity, 547 cases and 213,826 controls; 
https://storage.googleapis.com/finngen-public-data-r10/summary_
stats/finngen_R10_F5_BULIMIA.gz) by searching databases of 
commonly used GWAS studies. Even though GWASs on anorexia 
nervosa and bulimia nervosa were conducted in UK Biobank samples 
in which some of SNPs were identified, we decided not to apply this 
option due to the small sample size (n = 50,068) (14).

To comprehensively assess the impact of genetic predispositions 
for anorexia nervosa and bulimia nervosa on the risk of UC and to 
obtain suitable instrumental variables (IVs), we have selected qualified 
genetic instruments based on the following criteria: (1) SNPs should 
be associated with these exposures at a genome-wide significance level 
(p < 5 × 10−8); for traits detected by <2 SNPs, including genome-wide 
significant associations (p < 1 × 10−6) or effective SNPs; (2) SNPs 
should be independently associated with exposures, that is, not in 
linkage disequilibrium with other SNPs associated with the same 
exposure (defined as r2 < 0.001, kb > 10,000); (3) the chosen 
instrumental variables should explain at least 0.1% of the variance in 
exposure to ensure sufficient strength of the genetic instruments for 
causal effect estimation (15, 16).

The genetic instruments utilized for the two exposures and 
the exclusion of confounding factors are outlined in 
Supplementary Table S1. Following the application of specified criteria 
and the filtering of confounding factors through the website (www.
phenoscanner.medschl.cam.ac.uk, with a filtering threshold of p-value 
<0.001), 10 SNPs were found to be associated with bulimia nervosa 
and 5 SNPs with anorexia nervosa.

2.3 The acquisition of outcome data

The summary-level GWAS data for UC can be obtained from the 
UK Biobank (12), FinnGen study (FinnGen Documentation of R10 
release https://finngen.gitbook.io/documentation/), and IIBDGC (13). 
The UK Biobank Study, a substantial multicenter cohort study, 
enrolled more than 500,000 European participants in the UK between 
2006 and 2010. Summary statistics on genetic associations within the 
UK Biobank were derived from a Genome-Wide Association Study 
(GWAS) carried out in Lee’s laboratory (17). Ulcerative Colitis was 

1 http://biobank.ctsu.ox.ac.uk/crystal/field.cgi?id=K51
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identified in a study population consisting of 3,195 cases and 334,783 
controls, with diagnostic criteria based on the International 
Classification of Diseases, 9th Revision (ICD-9) code 556.9 and 10th 
Revision (ICD-10) code K51. Genetic-disease associations were 
determined through logistic regression analysis, controlling for 
genetic principal components, sex, and year of birth. Summary level 
estimates of genetic associations for UC were also acquired in the 
most recent publicly accessible R10 data release of the FinnGen study, 
a comprehensive national cohort study launched in 2017 that 
integrates genetic information from the Finnish Biobank with digital 
health record data from the Finnish Health Registry. The UC 
diagnoses, consisting of 4,320 cases and 210,300 controls, were 
classified based on the ICD-9 (556) and ICD-10 (K51) coding systems. 
Genome-wide association analyses for each trait were controlled for 
variables including sex, age, genetic composition, and genotyping 
batch. The International Inflammatory Bowel Disease Genetics 
Consortium (IIBDGC) integrates genome-wide genotyping data and 
whole genome sequencing data from a cohort of more than 75,000 
individuals diagnosed with IBD (13). Our analysis focuses on the 
European pedigree level of aggregation, utilizing data from 6,968 UC 
cases and 20,464 controls. The diagnosis of UC in IIBDGC was 
established through established radiological, endoscopic, and 
histopathological evaluations. Genetic associations were determined 
using logistic regression, controlling for age, sex, and genetic 
principal components.

2.4 Statistical analysis

The primary analyses utilized the inverse variance weighting 
method, along with additional methods such as MR Egger, Weighted 
median, Simple mode, and weighted mode (18, 19). In cases where 
exposures had more than 3 SNPs, the variance was aggregated and 
calculated using the random multiplicative effects inverse variance 
weighting method. For exposures containing only two SNPs, fixed-
effects inverse variance weighting was employed (20, 21). The inverse 
variance weighting method yields the most precise estimates under 
the assumption that all SNPs serve as valid instruments and that 
pleiotropy is effectively balanced (22). In MR-Egger’s hypothesis, 
we consider the presence of an intercept term and use it to assess 
polytropy, assuming that all SNPs are invalid. If this intercept term is 
very close to 0, then the MR-Egger regression model is very close to 
IVW, but if the intercept term is very different from 0, then it suggests 
that there may be horizontal pleiotropy present between these IVs (23, 
24). The Weighted median method, on the other hand, is a tool that 
assumes that more than half of the SNPs are valid (25, 26). The 
heterogeneity among estimates derived from individual SNPs was 
evaluated using Cochran’s Q statistic (27). In cases where the exposure 
was represented by only one SNP, the Wald ratio method was 
employed, dividing the estimate of the SNP-outcome association by 
the estimate of the SNP-exposure association to determine 
causality (28).

FIGURE 1

The three main assumptions of Mendelian randomisation (By Figdraw).
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In order to assess the presence of bias against MR or other 
exposures, multiple MR methods were employed for comparisons, 
including leave-one-out and MR pleiotropy residual sums and outliers 
(MR-PRESSO) methods as sensitivity analyses (18, 29, 30). The 
utilization of the intercept test in MR-Egger regression may serve as a 
diagnostic tool for detecting horizontal multidirectionality (31). The 
leave-one-out method is a frequently employed technique in MR 
studies to evaluate the influence of individual loci on the outcomes in 
order to examine the robustness and validity of the model (32). 
MR-PRESSO method employs a global test to detect horizontal 
pleiotropy among SNPs, identifies outliers and pleiotropic SNPs, and 
yields results comparable to the IVW method in the absence of 
outliers (33). The F-statistic was utilized to assess the efficacy of the 
instrument for each exposure, with an F-statistic exceeding 10 
signifying a robust instrument, while an F-statistic below 10 indicated 
a weak instrumental variable (34). Power analyses were conducted 
using the online web tool mRnd (15, 35).2 The analyses were 
conducted bilaterally using the TwoSampleMR (36, 37) and data.table 
packages (38), as well as the MR-PRESSO R package (29, 39) within 
the R software version 4.3.1.

3 Results

The study population characteristics were sourced from the UK 
Biobank, FinnGen Biobank, and the IIBDGC. The UK Biobank cohort 
primarily included individuals of European ancestry, aged 40 to 
69 years, with a balanced representation of genders and comprehensive 
socioeconomic data, such as income, education level, and occupation. 
Similarly, the FinnGen Biobank focused on individuals of European 
descent across a broad age range, with detailed demographic and 
clinical information linked to national health registries. The IIBDGC 
dataset incorporated multiple European cohorts, ensuring diversity in 
age, sex, and socioeconomic status.

The determination of the sample size was based on the availability 
of GWAS data. For anorexia nervosa, the study utilized data from 
1,039 cases and 213,826 controls of European ancestry, while for 
bulimia nervosa, the dataset comprised 547 cases and 213,826 
controls. UC outcome data were obtained from three primary sources: 
the UK Biobank (3,195 UC cases and 334,783 controls), the FinnGen 
Biobank (4,320 UC cases and 210,300 controls), and the IIBDGC 
(6,968 UC cases and 20,464 controls).

The study found a negative association between genetically 
predicted bulimia nervosa and the development of UC in IIBDGC 
(OR = 0.943, 95% CI: 0.893–0.996; p = 0.034). This indicates that 
individuals with bulimia have approximately a 5.7% lower risk of 
developing UC. No significant association relationship was observed 
in the UK Biobank (OR = 1.000, 95% CI: 0.999–1.000; p = 0.744) and 
Finnish databases (OR = 0.990, 95% CI: 0.943–1.039; p = 0.677). 
Conversely, genetically predicted anorexia was not found to be causally 
associated with UC, UK Biobank (OR = 1.000, 95% CI: 1.000–1.001; 
p = 0.239), Finnish databases (OR = 1.009, 95% CI: 0.923–1.104; 
p = 0.841) and IIBDGC (OR = 0.996, 95% CI: 0.896–1.107; p = 0.940) 
(Figures 2–4). In bi-directional Mendelian randomisation, UC from 

2 https://cnsgenomics.shinyapps.io/mRnd/

the IIBDGC dataset was negatively associated with the risk of anorexia 
(OR = 0.877, 95% CI: 0.797–0.965; p = 0.007), indicating that UC 
patients have approximately a 12.3% lower risk of developing anorexia. 
It is noteworthy that the weighted median method yields statistically 
significant results (OR = 0.869, 95% CI: 0.757–0.998; p = 0.047), but 
not causally associated with bulimia (Figures 5, 6).

The findings from the sensitivity, multiplicity, and heterogeneity 
analyses in the secondary investigations were largely congruent with 
the initial analyses, with none achieving statistical significance. This 
suggests that the study results were robust and dependable 
(Supplementary Table S2).

4 Discussion

In this MR analysis, we present findings suggesting a potential 
association between genetically predicted bulimia nervosa and a 
decreased risk of UC, while genetically predicted anorexia nervosa 
does not exhibit a significant causal relationship with UC. Additionally, 
our reverse MR analysis revealed a negative causal relationship 
between genetically predicted UC and anorexia nervosa risk, whereas 
no significant causal association was observed between genetically 
predicted bulimia nervosa and UC.

A genetic association study has determined that there is no causal 
relationship between anorexia nervosa and ulcerative colitis (40). A 
correlational study conducted in Denmark identified a causal 
relationship between anorexia and ulcerative colitis, while no causal 
association was observed between ulcerative colitis and anorexia (41). 
Case reports have documented an association between anorexia nervosa 
and the development of ulcerative colitis (42). Prior research has also 
demonstrated a comorbid relationship between eating disorders and 
IBD (4, 43). Nevertheless, a prior Mendelian randomisation study did 
not find evidence of a causal association, whether positive or negative, 
between anorexia and IBD (44). In our Mendelian randomization study, 
we  found limited evidence to suggest a causal association between 
genetically predicted UC (IIBDGC) and the risk of anorexia nervosa. 
However, no causal relationship was observed between anorexia 
nervosa and UC. The disparities observed between prior observational 
studies, Mendelian randomization studies, and our own Mendelian 
randomization study may be ascribed to residual confounding, reverse 
causality bias, inadequate statistical power, or the more stringent 
inclusion criteria utilized by the IIBDGC consortium in their genome-
wide association studies, which incorporate clinical presentation, 
gastrointestinal endoscopy, and pathology findings for diagnostic 
purposes. In conclusion, our research provides evidence for a potential 
causal link between UC and the susceptibility to anorexia nervosa, 
suggesting that UC may serve as a protective factor against the 
development of anorexia nervosa.

Bulimia nervosa and ulcerative colitis have received limited research 
attention, with the latter typically observed in conjunction with the 
former (4, 45). Our search did not yield any studies on MR examining 
the relationship between these two conditions. This MR study 
conducted by our research team has revealed a noteworthy inverse 
relationship between bulimia and the risk of UC. The discordant results 
observed may be attributed to the utilization of three databases in the 
present investigation, which allowed for a more accurate estimation of 
the association (IIBDGC). However, reverse MR analysis did not reveal 
a causal relationship between UC and bulimia.
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The precise pathophysiological mechanisms linking eating 
disorders and UC are not fully understood, although several 
hypotheses have been proposed to elucidate this association. 

Specifically, attention is directed towards three key factors: (1) the 
influence of dietary patterns; (2) alterations in body composition 
resulting from pharmacological interventions for ulcerative colitis; 

FIGURE 2

Associations of anorexia and bulimia with risk of ulcerative colitis (IIBDGC). CI, confidence interval; OR, odds ratio.

FIGURE 3

Associations of anorexia and bulimia with risk of ulcerative colitis (UK Biobank). CI, confidence interval; OR, odds ratio.
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and (3) the involvement of immuno-inflammatory processes (46). It 
is acknowledged that eating disorders frequently manifest as 
extraintestinal complications and comorbidities of UC (4). It has been 

suggested that dietary recommendations for patients with UC, which 
often include bulimic diets, are necessary to compensate for 
malabsorption due to disease and/or short bowel syndrome after 

FIGURE 4

Associations of anorexia and bulimia with risk of ulcerative colitis (FinnGen study). CI, confidence interval; OR, odds ratio.

FIGURE 5

Associations of ulcerative colitis with risk of anorexia. CI, confidence interval; OR, odds ratio.
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https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Su et al. 10.3389/fnut.2024.1400713

Frontiers in Nutrition 07 frontiersin.org

massive bowel resection (47); in order to avoid malnutrition and/or 
growth retardation in young people (46). This is in line with our MR 
study. One hypothesis posits that elevated levels of pro-inflammatory 
cytokines (IL-6 and TNF-α) in patients with IBD may contribute to 
the perpetuation of eating disorder symptoms. These substances and 
hypothalamic neuropeptides exhibit similarities in their regulation of 
hunger/satiety and energy expenditure (48).

The European Society of Clinical Nutrition and Metabolism 
(ESPEN) recommends annual assessment of micronutrient levels in 
patients with UC, with deficiencies corrected through supplementation 
(49). The intersection of eating disorders and UC complicates specific 
recommendations for nutritional supplementation due to limited 
evidence. The findings of this study will supplement existing evidence 
from observational studies and case reports that suggest a causal link 
between eating disorders (specifically bulimia and anorexia) and UC, 
thereby enhancing the advancement of research in the area of 
nutritional strategies for preventing UC.

The primary strength of this study lies in its utilization of a 
two-sample bidirectional Mendelian randomization design, which 
integrates data from extensive consortia (UK Biobank, FinnGen 
study, and IIBDGC) to furnish robust genetic support for the 
identified associations. By employing data sourced from European 
populations, the Mendelian randomization study effectively mitigates 
potential confounding, reverse causation, and bias stemming from 
ethnic stratification. Naturally, this investigation is subject to certain 
limitations. The genetic tools employed in this study are capable of 
elucidating only a limited proportion of the variability in bulimia and 
anorexia, potentially resulting in the identification of modest or 
moderate associations. Additionally, inadequate sample sizes may 
also contribute to insufficient statistical power. Moreover, the limited 

sample sizes in genome-wide association studies (GWAS) for bulimia 
and anorexia may result in the erroneous selection of single 
nucleotide polymorphisms (SNPs). Consequently, larger GWAS are 
imperative to detect additional genetic variants associated with eating 
disorders. Additionally, a potential drawback of Mendelian 
randomization analyses is horizontal pleiotropy; however, no 
evidence of pleiotropic effects was observed in MR-Egger and 
PRESSO test analyses.

We hypothesized that there might be  a bidirectional causal 
relationship between eating disorders (anorexia and bulimia) and 
UC. Given the limited and inconsistent evidence from previous studies, 
we  anticipated finding some degree of association, which our study 
indeed confirmed for bulimia and UC in one dataset. Specifically, 
we  expected to observe a negative association between genetically 
predicted eating disorders and UC, which could suggest that genetic 
predispositions to these conditions might influence their co-occurrence. 
The findings that genetically predicted bulimia is associated with a lower 
risk of UC, and UC with a lower risk of anorexia, were in line with our 
hypothesis and highlight the complexity of the genetic and environmental 
interactions at play. Future studies should aim to replicate these findings 
in larger and more diverse populations, as well as investigate the biological 
mechanisms underlying these associations to inform targeted prevention 
and treatment strategies.

5 Conclusion

In summary, the findings of this bidirectional Mendelian 
randomisation study indicate a negative association between 
genetically predicted bulimia and the risk of UC, specifically, 

FIGURE 6

Associations of ulcerative colitis with risk of bulimia. CI, confidence interval; OR, odds ratio.
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individuals with bulimia have approximately a 5.7% lower risk of 
developing UC. While no causal relationship was observed between 
genetically predicted anorexia and UC. Additionally, the bi-directional 
Mendelian randomization analysis further revealed that UC patients 
have approximately a 12.3% lower risk of developing anorexia, 
suggesting a potential protective effect of UC against anorexia, but no 
significant association with bulimia. These findings provide new 
insights into the potential causal relationships between eating 
disorders and UC, highlighting the need for further research to 
understand the underlying mechanisms.

From an epidemiological perspective, these findings suggest that 
genetic predispositions to certain eating disorders may influence the 
risk of UC and vice versa. This underscores the importance of 
considering genetic factors in the prevention and management of UC 
and related eating disorders. Future research should focus on 
elucidating the underlying mechanisms driving these associations and 
investigating potential interventions to mitigate these risks. 
Understanding the genetic and biological links between these 
conditions could lead to more effective prevention strategies and 
treatments, ultimately improving patient outcomes.
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