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Abstract

Background
Erythema nodosum and psoriasis are two prevalent extraintestinal manifestations of in�ammatory bowel
disease (IBD). Erythema nodosum usually appears before or after the onset of IBD. Therefore, it has to be
studied whether there is an association between erythema nodosum, psoriasis, and IBD, and their causal
relationship remains to be explored.

Methods
To choose acceptable instruments, single nucleotide polymorphisms (SNPs) strongly associated with
exposure, a series of quality control measures were used in our study. We utilized several robust analytical
methods (inverse-variance weighted, weighted median, and MR-Egger regression) based on different
assumptions of two-sample MR analysis to obtain more robust and reliable conclusions. To assess the
horizontal pleiotropy, heterogeneities, and stability of these genetic variants on erythema nodosum, MR-Egger
intercept test, Cochran's test, and "leave-one-out" sensitivity analysis were performed.

Results
Our two-sample Mendelian randomized analysis, exposure GWAS aggregate, and GWAS aggregate results
showed a positive association between IBD and erythema nodosum and psoriasis, consistent with many
published observational studies, but our calculations revealed no statistical difference between the two.

Conclusion
MR estimations showed no signi�cant association between in�ammatory bowel disease and erythema
nodosum (OR = 1.069; P > 0.05) and psoriasis (OR = 1.014; P > 0.05). Therefore, further research is required to
understand better the relationship between IBD and erythema nodosum and psoriasis.

Introduction
Erythema nodosum, a painful subcutaneous fat disease, is the most prevalent type of lipomyelitis1. The
condition is a skin reaction that may be associated with various diseases, including infection, sarcoidosis,
rheumatism, in�ammatory bowel disease, drug therapy, autoimmune diseases, pregnancy, and malignancy2.
Erythema nodosum is characterized by the sudden appearance of symmetrical, tender erythema, warm
nodules, and raised plaques, usually in the lower extremities3. Typically, the lesion is bilateral. The nodules
appear bright red at �rst, but after a few days, they turn bright red or purple and end up with a yellow or green
appearance and deep bruising. Ulcers do not appear, and nodules heal without atrophy or scarring4.
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Psoriasis is a chronic in�ammatory skin disease usually associated with systemic manifestations5,
characterized by well-de�ned scaly erythema plaques with occasional sterile pustules. Psoriasis frequently
affects the joints, causing psoriatic arthritis6. The speci�c pathogenesis of psoriasis is not well studied;
however, it is currently believed to be linked to genetic, in�ammatory, psychological, obesity, immunity, and
other factors7.

In�ammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn's disease (CD), is a
chronic, recurring in�ammatory disorder of the gastrointestinal tract8. It affects more than 2.5 million people
in Europe, and the incidence is rising in Asia and developing countries9.

Erythema nodosum and psoriasis are the most prevalent extraintestinal manifestations of IBD10, and
erythema nodosum is the most common extraintestinal manifestation of IBD11. Psoriasis was thought to be
an extraintestinal manifestation of IBD12. Epidemiological studies have suggested a strong association
between IBD, erythema nodosum, and psoriasis 13,14. However, when we apply the latest Mendelian
randomization tool to analyze the causal relationship between erythema nodosum, psoriasis, and IBD, we
appear to obtain the exact opposite results.

Two-sample MR is often used to study the causal relationship between exposure and the resulting phenotype
by calculating the causal relationship between exposure and outcome using instrumental variables, with
germline genetic variation often used as instrumental variable of exposure (IV). It enables the use of
publically available results from very large genome-wide association studies (GWAS) for both risk factor
"exposures" and disease "outcomes," avoiding the common drawbacks of observational studies15. MR must
satisfy the following three key assumptions to obtain unbiased results :  The genetic variation used in the
analysis should be signi�cantly associated with exposure;  As a tool variable of exposure, the extracted
genetic variation was not associated with confounding factors related to selected exposure and outcome; 
Genetic variation affects the outcome only through exposure and not through other pathways (i.e., there is no
horizontal pleiotropic effect).

Methods
Study Design

This was a two-sample MR study that used GWAS pooled statistics from independent studies to estimate the
causal effect of exposure on results. MR design relies on three assumptions16: (1) the genetic tool must be
closely related to the exposure of interest; (2) genetic tools can only be associated with outcomes through
exposure and not through different biological pathways independent of exposure; (3) genetic tools should
not be associated with confounders of any exposure-outcome relationship. The current study used
in�ammatory bowel disease (IBD) as exposure, erythema nodosum, and psoriasis as results. This study used
only public data, and relevant ethical approvals can be found in the corresponding study cited in the methods
section.

IBD and erythema nodosum, psoriasis GWAS summary statistics
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We selected the largest GWAS published to date in IBD to obtain more comprehensive and reliable
conclusions about the causal relationship between IBD and psoriasis and erythema nodosum. Another IBD
study with a larger GWAS was also used for replication purposes. The complete IBD (unit, login) GWAS
statistical abstract can be downloaded from IBD Genetics Society website
(https://www.ibdgenetics.Org/downloads). The hypertext markup language used to replicate data sets can
be found at https://gwas.mrcieu.ac.uk/datasets/. (Diagnosis, data collection sources and diagnostic
methods of psoriasis). The largest aggregate IBD GWAS published to date (N = 12,882 cases, 21,770
controls) came from the International Society for IBD Genetics. All participants were of European descent.
Two separate GWAS summary statistics is downloaded from GEFOS for erythema nodosum and psoriasis in
European participants (erythema nodosum: N = 152 cases, 94,158 controls; psoriasis: N = 562,93959
controls).

MR Analysis of Between IBD, erythema nodosum, and psoriasis

Only genetic tools relevant to each trait's genome-wide signi�cance (P < 5 × 10-8) were included in MR
analysis, implying the robust association with risk factors. Subsequently, the variants associated with the
most signi�cant SNPs were eliminated from the study, leaving only the unrelated variants (clustering R2
cutoff = 0.001, clustering window = 10,000 KB). All included SNPs were coordinated to ensure that the effect
estimates were consistent with the same alleles. The causal relationship between each group of SNPs in IBD
and erythema nodosum and psoriasis outcome was assessed using the inverse-variance weighted method
as the main analysis method. TwoSampleMR R packages (https://github.com/MRCIEU/TwoSampleMR)17

were used for MR analysis.

Pleiotropy and sensitivity analysis

We conducted a series of sensitivity analyses to assess the impact of potential horizontal pleiotropy
(violations of the second MR assumption). First, we used three additional methods that allow for the
existence of horizontal pleiotropy but have lower statistical power than IVW: (1) MR-Egger regression; (2)
weighted median method; (3) weighted mode method. The intercept of the regression line between SNP-
exposure and SNP-outcome estimation in MR-Egger regression is not limited to zero18. For the causal effect
estimate to be unbiased, only half the SNPs must be valid instruments in the weighted median method19.
The weighted mode method was also used, which clusters SNPs into groups based on similarity of causal
effects, and returns the causal effect estimate based on the cluster with the most SNPs20. If at least two
different methods identi�ed the association, MR results were considered. Next, the following sensitivity
analyses were performed to further assess the robustness of the signi�cant association: (1) Egger intercept
calculation18; (2) MR pleiotropy residual sum and outlier (MR-PRESSO) test21; (3) heterogeneity tests22; (4)
leave-one-out analysis17.

Ethics

Our study utilized published studies or publicly available GWAS summary data. Because no original data
was collected for this manuscript, no ethical committee approval was required. Each study included was

https://github.com/MRCIEU/TwoSampleMR
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approved by their institutional ethics review committees, and all participants provided written informed
consent.

Version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria) was used to conduct the statistical
analysis in the paper, using a two-sample MR package, and p values < 0.05 were generally considered
statistically signi�cant. In multiple tests, Bonferroni's corrected P value (P < 0.05/N, N = number of test
methods) was considered statistically signi�cant.

Results
Selection of instrumental variables

Details of ID-independent single nucleotide polymorphic exposure (IBD) (by agglutination) are listed in Table
1. First, no speci�c request SNPS existed when speci�c SNPs were extracted from the result GWAS (erythema
nodosum and psoriasis), and the proxy of the request SNPs in LDS could not be searched from the result
GWAS. Second, the effects of fuzzy SNPs with inconsistent alleles or palindromic SNPs with fuzzy chains
cannot be corrected. Eventually, the number of SNPs selected for IV exposure will be equal to or less than the
number listed in Table 1. In our study, F-statistic for each tool exposure correlation was well over 10,
indicating little possibility of instrument variable bias to be weak.

Association between erythema nodosum and in�ammatory bowel disease 

MR estimates from different methods used to assess the causal effect of IBD on erythema nodosum are
shown in Table 2. The causal effect of IBD on erythema nodosum was assessed using MR estimates at
different steps. The results in Table 2 include the �nal MR estimates in Figure 1, displaying no association
between the genetic prediction of IBD and the level of erythema nodosum. However, Bonferroni was used in
this section to adjust P-values, and no causal relationship was found between IBD and erythema nodosum (P
> 0.01). The heterogeneity test revealed that erythema nodosum had no heterogeneity (IVW, Q = 45.43, P =
0.87; Egger, Q = 45.93, P = 0.89). Our analysis found no horizontal multidirectional evidence (e.g., MR Egger's
regression intercept is close to zero, and P-value is greater than 0.05). SNPs in this segment are likely to
exhibit horizontal pluripotency (these estimates are usually eliminated when combined in the meta-egger
regression). The scatter plot (Figure 1) depicts the estimated impact of single nucleotide polymorphisms on
exposure (IBD) and erythema nodosum outcomes. The one-leave analysis demonstrated that no SNPs
signi�cantly in�uenced the results (Supplement: Figure S1), and the funnel plot indicated the horizontal
pluripotency of each direction in which the results existed (Supplement: Figure S3). Therefore, we must
interpret this result carefully and draw a cautious conclusion.

Association between psoriasis and in�ammatory bowel disease

MR evaluated the causal relationship between IBD and psoriasis differently, as shown in Table 1. MR
estimates assessed the causal effect of IBD on erythema nodosum at different steps. The �nal MR estimate
showed a positive association between the genetic prediction of IBD and the level of erythema nodosum, but
the difference was not statistically signi�cant (Table 2). In addition, Bonferroni correction was applied to P-
values in this section, and no causal relationship between IBD and erythema nodosum was identi�ed (P >
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0.01). The heterogeneity test revealed no heterogeneity in psoriasis patients (IVW, Q = 75.87, P = 0.45; Egger,
Q = 75.29, P = 0.44). Our study reveals no horizontal multidirectional evidence (MR Egger's regression
intercept is close to zero, and P-value is greater than 0.05). SNPs in this segment are likely to exhibit
horizontal pleiotropy (these estimates are usually canceled when combined in meta-analysis/Egger
regression). The scatter plot (Figure 2) shows the estimated impact of single nucleotide polymorphisms on
exposure (IBD) and BMD outcomes. A funnel plot displays the horizontal pluripotency of each direction in
which the result exists (Supplementary material, Figure S4). Therefore, we must interpret this result carefully
and draw a cautious conclusion.

Discussion
Previous studies have demonstrated the prevalence and development of IBD and the association between
erythema nodosum and psoriasis, both of which are common clinical complications of IBD9. We discovered
a positive association between IBD and erythema nodosum and psoriasis by two-sample MR analysis,
consistent with clinical results, in the �rst assessment of the causal relationship between IBD and erythema
nodosum and psoriasis. However, our results were not statistically different. In some publications, there was
a strong association between erythema nodosum and psoriasis with IBD. However, because the gender
strati�ed GWAS IBD summary data were insu�cient for MR analysis, we could not conduct a separate
analysis for men and women. To validate the genetic prediction of IBD, nodular erythema, and psoriasis, the
relationship between our people in Europe is analyzed in two separate MR analyses. There is a positive
relationship between psoriasis, IBD, and nodular erythema, consistent with the previous literature and clinical
results, but the difference is not statistically signi�cant.

A two-sample MR analysis was used to test the causal relationship between IBD and erythema nodosum and
psoriasis using genome-wide signi�cance and independently inherited (non-LD) SNPs selected as IV. Multiple
genetic variants were eventually included as instrumental variables for further MR analysis after excluding
SNPs associated with erythema nodosum and psoriasis phenotypes. F-statistic used to evaluate the tool
exposure correlation is much larger than 10, suggesting low possibility of weak tool variable bias. We used
four MR analyses, coupled with GWAS pooled data, to make our conclusions more reliable, and found no
consistent causal relationship between genetically predicted IBD, erythema nodosum, and psoriasis. After
deleting SNPs with strong in�uence, MR analysis reached the same conclusion, and heterogeneity
disappeared. In our analysis, MR-Egger regression results showed no horizontal pleiotropy. A "leave-one-out"
analysis, in which MR analysis is performed to assess the impact of each SNP on the overall result,
suggested that our conclusions are robust and convincing.

Our study is the �rst MR analysis on this topic and has several important advantages. First, the causal
relationship between IBD, erythema nodosum, and psoriasis is not distorted by many confounding factors.
Genetic variation is used as a proxy for remission in MR analysis. Second, conclusions were drawn by four
MR analyses of IBD and GWAS summary data of erythema nodosum and psoriasis. Third, to avoid the multi-
effect, we searched Phenoscanner database, and SNPs identi�ed as associated with confounding factors
were excluded. No multi-effect was detected by MR-Egger regression method. Fourth, sensitivity analysis was
carried out, and the stability was found to be satisfactory. Finally, to reduce potential bias, we extracted
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GWAS aggregate data for IBD, erythema nodosum, and psoriasis from individuals of European ancestry and
adjusted for many common factors such as gender, age, height, and weight.

However, there are a few limitations of MR analysis that must be considered. First, the small number of SNPs
selected for IV status increases their risk of association with erythema nodosum and psoriasis. However, F
statistic helps rule out this possibility. In the analysis, MR-Raps method has a strong inference ability for
Mendelian randomization. The instrument is weak, consistent with the results obtained by other MR analysis
methods. It will be necessary to validate our �ndings in future updated MR analyses when more and better
IBD IVs are available. Second, a search of Phethe NO scanner database does not yield information on the
multicolor effects of some included SNPs, leaving open the possibility of unidenti�ed multicolor in�uences.
However, there was no evidence of pleiotropism, as indicated by MR-Egger intercept test. Third, overlapping
participants should not be included in exposure and outcome studies used in two-sample MR analyses. In
the study, we cannot estimate the degree of overlap. However, the bias caused by sample overlap can be
minimized by using powerful tools (for example, F statistic is much greater than 10). Fourth, because GWAS
aggregate data mainly involved people of European descent, our �ndings may not completely represent the
entire population. Therefore, we should carefully use our conclusions on racially and ethnically diverse
population groups. Fifth, our MR analysis tested a linear association between IBD and erythema nodosum
and psoriasis, but it did not consider the possibility of other association forms.

We used a two-sample MR analysis to determine the causal role of IBD in erythema nodosum and psoriasis
levels. However, our results do not provide evidence to support our hypothesis. These �ndings suggest that
IBD-related interventions may not have a bene�cial effect on erythema nodosum and psoriasis and that IBD
cannot be used as an indicator risk factor of erythema nodosum and psoriasis. Updated MR analyses will be
necessary to revalidate our �ndings once new pooled IBD IV and sex-strati�ed GWAS for erythema nodosum
and psoriasis become available. Furthermore, other factors that may play a causal role in erythema nodosum
and psoriasis must be identi�ed to develop strategies for monitoring, preventing, and treating erythema
nodosum and psoriasis.
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Tables
Table 1. Description of the GWAS summary statistics.

Trait GWAS Catalog 

accession number

Sample
size

Number of
SNPs

Population

Inflammatory bowel
disease

ebi-a-GCST003043 34,652 111,631 European

Erythema nodosum  finn-a-
L12_ERYTHEMANODOSUM

- 16,152,119 European

Psoriasis  finn-a-L12_PSORI_ARTHRO - 16,380,462 European

 

Table 2.

Disease No.of
SNP

IVW Weighted
median

MR Egger Simple mode Weighted
mode

OR P-
value

OR P-
value

OR P-
value

OR P-
value

OR P-
value

IBD and
Erythema
nodosum

60 1.069 0.677 1.128 0.632 0.865 0.670 1.059 0.892 1.164 0.621

IBD and
Psoriasis

76 1.014 0.893 1.074 0.695 1.195 0.463 1.122 0.777 1.084 0.735

Supplementary Tables
Table S1 not available with this version.
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Figures

Figure 1

The scatter plot was used to analyze the causal effect of IBD on erythema nodosum. Each line corresponds
to the slope of MR effect estimated by each method. 
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Figure 2

The scatter plot was used to analyze the causal effect of IBD on psoriasis. Each line corresponds to the slope
of MR effect estimated by each method.
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