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Abstract: Background: Previous observational studies have found that fistulas are common in
Crohn’s disease (CD) and less common in ulcerative colitis (UC). However, some patients have a
fistula before diagnosis. Based on retrospective analysis, it was not possible to determine whether
there was a bi-directional causal relationship between inflammatory bowel disease (IBD) and fistulas.
Methods: Data were extracted from the open GWAS database; 25,042 cases and 34,915 controls
were included for IBD, and 6926 cases and 30,228 controls were included for fistula. Two-sample
Mendelian randomization and multivariable Mendelian randomization were used in combination
to determine the causal relationship between IBD and fistula. Results: Forward MR showed that
IBD increased the risk of colonic or urogenital fistula (FISTULA) (OR: 1.09, 95% CI: 1.05 to 1.13,
p = 1.22 × 10−6), mainly associated with fissure and fistula of the anal and rectal regions (FISSANAL)
(OR:1.10, 95% CI:1.06 to 1.14, p = 6.12 × 10−8), but not with fistulas involving the female genital tract
(FEMGENFISTUL) (OR:0.97, 95% CI: 0.85 to 1.11, p = 0.669). Furthermore, both UC and CD increased
the risk of FISTULA. However, after adjusting by MVMR, only CD increased the risk of FISTULA
(OR: 1.06, 95% CI: 1.02 to 1.11, p = 0.004), and UC did not increase the risk of FISTULA (OR: 1.01,
95% CI: 0.95 to 1.06, p = 0.838). Reverse MR showed that fistulas did not increase the risk of IBD.
Conclusion: Our study confirms it is CD, rather than UC, that casually leads to an increased risk of
fistula, but fistulas do not increase the risk of IBD.

Keywords: inflammatory bowel disease; fistula; genetic epidemiology; Mendelian randomization

1. Introduction

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s
disease (CD), is a chronic idiopathic disease characterized by intestinal inflammation. In
recent years, IBD has become a global disease with higher incidence and prevalence in
the course of industrialization [1,2]. IBD is associated with a variety of complications [3],
such as strictures [4], fistulas [5], infections [6], and cancers [7], which bring a heavy
economic burden to society. Due to long-term chronic inflammation of the intestine,
abnormal connections, known as fistulas, may form between the intestine and the skin
or adjacent organs, including the bladder and vagina. Based on the location of fistulas
and the relationship between fistulas and neighboring organs, fistulas can be divided
into two primary types: internal fistulas that open to neighboring organs, such as enteric-
intestinal fistulas, enteric-bladder fistulas, and ileocolonic fistulas; and external fistulas
that open on the body surface, such as enteric-skin fistulas and perianal fistulas [8,9].
Fistula is one of the major intestinal complications of Crohn’s disease (CD), occurring
in 35% to 53% of CD patients during their natural course [10]. Perianal fistula is the
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main type, accounting for about 20–65%, and some patients are treated with perianal
fistula as the first symptom [11]. In contrast, the incidence of anal fistula in the European
general population was only 18.37 (95% CI: 18.20–18.55%) per 10,000 [12]. In addition,
approximately 5 to 10% of women with Crohn’s disease have been reported to develop
fistulas involving the genital tract, called genital fistulas [13]. There has been no large-scale
epidemiological investigation into the risk of fistula in UC. However, results from a Korean
follow-up study of 944 UC patients showed that the cumulative incidence of UC patients
with a perianal disease (PAD) in 5 and 10 years was 8.1% and 16.0%, respectively, and the
cumulative incidence of perianal sepsis (abscess or fistula) in 5 and 10 years was 2.2% and
4.5%, respectively [14]. Another study also showed that the incidence of perianal fistula
in UC patients after ileoanal pouch anastomosis was 9%, which was greatly increased
compared with the general population [15]. Fistula can cause recurrent infection and fecal
incontinence, which seriously reduces the quality of life of patients. Although previous
observational studies have observed an association between IBD and fistulas, it is not
possible to ascertain whether there is a causal relationship between the two because of the
limitations of observational studies. Different genotypes determine different intermediate
phenotypes. If the phenotype represents an individual’s exposure characteristics, the
association effect between genotypes and diseases can be used to simulate the effect of
exposure factors on diseases. Based on this idea, Mendelian randomization (MR) finds
suitable genetic variants to estimate the causal relationship between exposure and outcome.
MR looks for valid genotype instrumental variables (IVs) from the genome-wide association
studies (GWAS). These IVs need to satisfy three assumptions: (I) strong association with
exposure factors; (II) no association with confounders; and (III) association with outcomes
only through exposure, which were used to reveal causal relationships between inferred
exposure and outcomes [16,17]. Compared with randomized controlled trials (RCTs), MR
is less affected by various confounders and is more economical and efficient. Therefore,
MR has been widely used in the study of causality inference in recent years. An MR
Study confirmed the causal relationship between depression and IBD, indicating that the
occurrence of IBD involves the participation of mental and psychological factors [18]. In
addition, the causal association between IBD and a variety of diseases, such as psoriasis [19],
atopic dermatitis [20], rheumatoid arthritis [21], and so on, was clarified through MR.

To date, there have been no MR Studies on IBDs and fistulas to reveal a causal
relationship. In this study, the causal relationship between IBD (UC or CD) and fistula
was explored by two-sample MR, and the confounding bias caused by the presence of
a common gene locus between UC and CD was removed by multivariable Mendelian
randomization (MVMR). This study provides new insight into a causal link between IBD
(UC or CD) and fistulas.

2. Materials and Methods

Figure 1 illustrates the conceptual and analytical flow of this study.

Figure 1. The workflow of this study.



J. Clin. Med. 2023, 12, 2482 3 of 10

2.1. Data Sources

In this study, we retrieved IBD data from the IEU Open GWAS database, including
IBD, UC, and CD. The IBD data included 25,042 patients and 34,915 controls, and the UC
and CD data included 12,366 and 12,194 patients, respectively [22]. These diagnoses are
based on accepted radiological, endoscopic, and histopathological criteria [23]. Although
European and non-European cohorts were included, the direction and magnitude of the
effects of most IBD risk loci were consistent across different populations. Fistula data were
obtained from the recently published FinnGen7 database (http://www.finngen.fi) [24].
Data were accessed on 3 November 2022.Population inclusion was selected primarily based
on the 10th Edition of the International Classification of Diseases (ICD-10) diagnosis at
the time of discharge or cause of death. Colonic or urogenital fistula (FISTULA) included
6926 patients, including the diagnosis of ICD-10 K31.6, K38.3, and K60 (Supplementary
Table S1 lists the specific diagnosis names). Fissure and fistula of anal and rectal regions
(FISSANAL) included 6610 patients with a primary diagnosis of ICD-10 K60, and fistula
involving the female genital tract (FEMGENFISTUL) data included 327 patients with a
primary diagnosis of ICD-10 N82. Table 1 shows details of the information for the cohort
population.

Table 1. Detail of the data for the cohort population. (IBD: inflammatory bowel disease; UC: ulcerative
colitis; CD: Crohn’s disease; FISTULA: colonic or urogenital fistula, FISSANAL: fissure and fistula of
anal and rectal regions; FEMGENFISTUL, fistula involving female genital tract).

Variable Number of
Cases

Number of
Controls Data Resource Population PMID Year

IBD 25,042 34915 ebi-a-GCST004131 Mix 28067908 2017
UC 12,366 33,609 ebi-a-GCST004132 Mix 28067908 2017
CD 12,194 28,072 ebi-a-GCST004133 Mix 28067908 2017

FISTULA 6926 30,228 finn-b-K11_FISTULA European - 2021
FISSANAL 6610 253,186 finn-b-K11_FISSANAL European - 2021

FEMGENFISTUL 327 94,394 finn-b-N14_FEMGENFISTUL European - 2021

2.2. Selection of Instrumental Variables

When selecting IVs for IBD (UC or CD), firstly, to satisfy the correlation between
SNP and exposure, SNP was considered to be strongly correlated with IBD (UC, CD) only
when p-value <5 × 10−8. At the same time, we set the standard as r2 = 0.001 and the
width of the linkage disequilibrium (LD) area = 10,000 kb to eliminate LD. Secondly, SNPs
associated with outcomes (p < 5 × 10−8) were excluded when combining information
from the outcome datasets [25]. Finally, to ensure that the SNPs mentioned above did not
produce weak instrumental bias, the formula (F = β2/SE2) was used to calculate the F value
of each SNP, and SNPs with F value < 10 were eliminated. β referred to the effect value of
exposure and SE referred to the standard error for effect values of exposure. Only SNPs that
met the above criteria were included as IVs in the analysis. In addition, we uploaded the
above SNPs to the Phenoscanner Database (www.phenoscanner.medschl.cam.ac.Uk, the
search was conducted on 7 November 2022) to check the presence of the second phenotype,
which may lead to potential confounding. However, because UC and CD share some
common gene loci, we cannot remove all SNPs closely related to both. Therefore, we
conducted MVMR to remove the mutual bias between UC and CD. According to the above
criteria, there are fewer IVs related to fistula, so we relaxed the criteria for SNP selection,
i.e., p-value < 5 × 10−6, and other conditions remained unchanged.

http://www.finngen.fi
www.phenoscanner.medschl.cam.ac.Uk
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2.3. MR Analyses

Weighted median (WM), MR-Egger, and inverse variance weighted (IVW) methods
were used in the bi-directional MR analysis to determine the causal relationship between
IBD (UC or CD) and fistula (FISTULA, FISSANAL, and FEMGENFISTUL). WM requires at
least 50% of SNPs to meet the conditions of the three assumptions, while MR-Egger relaxes
the pleiotropy hypothesis but is prone to weak instrumental bias [26,27]. IVW was used
as the primary outcome as it allowed all SNPs to display a random degree of horizontal
pleiotropy, providing a more accurate estimate than the two methods described above. To
confirm the reliability of our results, we performed separate tests for heterogeneity and
pleiotropy. First of all, Cochran’s Q test was conducted to determine whether the selected
IVs were heterogeneous. When heterogeneity existed, MR-PRESSO was used for analysis,
and the analysis was performed again after removing the outlier IVs. Second, in the process
of MR analysis, we used the MR-Egger intercept test to evaluate the possible bias caused by
gene pleiotropy due to the use of multiple IVs for causal inference. Finally, the effect of each
IV on the results was detected by leave-one-out analysis. MVMR can be used to analyze
the causality of multiple exposure factors imposed by a genetic tool on the same outcome
variable. The bias caused by confounding can be reduced by MVMR [28]. Therefore, we
performed MVMR analysis between UC and CD as two exposures and fistula to remove
confounding bias between the two.

2.4. Statistics Analysis and Visualization

This study was a secondary analysis of published data, and no changes were made to
the original data. All statistical analyses and visualizations were completed in R (version
4.1.3) by 23 November 2022. ‘’TwoSampleMR” and “MRPRESSO” packages were used
for MR analyses, and the “forest plot” package was used for visualization. In the process
of analysis, IBD (UC or CD) and fistula (FISTULA, FISSANAL, and FEMGENFISTUL)
were analyzed several times, so the MR analysis results to determine the causal effect of
IBD on fistula were only considered statistically significant when Bonferroni corrected
p-value < 0.0028 (0.05/18).

3. Results
3.1. Selection of Instrumental Variables

There were 117 SNPs (IBD), 89 SNPs (CD), and 62 SNPs (UC) with p < 5 × 10−8.
Then, removing SNPs for being palindromic with intermediate allele frequencies, 9576
and 51 IVs representing IBD, CD, and UC were obtained for MR analysis (Supplementary
Table S2). In addition, we performed MRPRESSO testing in each direction and found the
following outlier IVs conditions: IBD to FISTULA, rs186239; IBD to FISSANAL, rs186239;
UC to FISTULA, rs9271176; and UC to FISSANAL, rs9271176. These outlier IVs were
removed and reanalyzed. For fistula-related IVs, 20 (FISTULA), 15 (FISSANAL), and 6
(FEMGENFISTUL) IVs were received for follow-up analysis, and the MRPRESSO test did
not detect outlier IVs (Supplementary Table S3). All of the IV F values > 10, which ensured
that there would be no bias caused by weak IVs in MR analysis.

3.2. Forward Mendelian Randomization Analyze

Generally, the results of the three methods to determine a causal association between
IBD (UC or CD) and fistula (FISTULA, FISSANAL, and FEMGENFISTUL) were not consis-
tent. The results of IVW showed that the causal relationship between IBD and FISTULA
was significant (OR: 1.09, 95% CI: 1.05 to 1.13, p = 1.22 × 10−6), mainly increasing the risk of
FISSANAL (OR: 1.10, 95% CI: 1.06 to 1.14, p = 6.12 × 10−8) and not related to the occurrence
of FEMGENFISTUL (OR: 0.97, 95% 0.85 to 1.11, p = 0.67 (Figure 2). Further analysis of two
subtypes showed that UC and CD increased the risk of FISTULA (UC: OR: 1.08, 95% CI:
1.04 to 1.12, p = 1.89 × 10−5; CD: OR: 1.07, 95% CI: 1.04 to 1.11, p = 3.13 × 10−5). Similarly,
UC and CD only showed a positive causal relationship for FISSANAL (UC: OR: 1.10, 95%
CI: 1.06 to 1.14, p = 2.75 × 10−6; CD: OR: 1.08, 95% CI: 1.04 to 1.11, p = 1.89 × 10−5), which
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was not correlated with FEMGENFISTUL (UC: OR: 0.92, 95% CI: 0.77 to 1.09, p = 0.32;
CD: OR: 0.99, 95% CI: 0.87 to 1.12, p = 0.82) (Figure 2). The above results were equally
significant after correcting the p-value using the Bonferroni method. The results of WM also
showed significant causal associations between IBD (including UC and CD) and the fistula
(including FISTULA and FISSANAL), with all p values < 0.05 (Supplementary Table S4).
Only the relationship between IBD and fistula (FISTULA and FISSANAL) was significant
among the causal associations estimated by the MR-Egger method. The estimated effect
size of the genetically predicted IBD (UC or CD) on increased fistula (FISTULA, FISSANAL,
and FEMGENFISTUL) is shown in the scatterplot (Supplementary Figure S1). Although
heterogeneity was observed in some of the results after the Cochran Q test, heterogeneity
was acceptable with random effects IVW analysis as the main result. The p-values for
the MR-Egger intercept were all >0.05, indicating that there was no interference caused
by pleiotropy (Supplementary Table S4). In addition, “leave-one-out” analysis did not
detect the existence of outlier IVs, which also confirmed the robustness of our results
(Supplementary Figure S2).

Figure 2. Mendelian randomization (MR) results of IVW. Causal estimation of IBD effects on fistulas
(IBD: inflammatory bowel disease; UC: ulcerative colitis; CD: Crohn’s disease; FISTULA: colonic or
urogenital fistula; FISSANAL: fissure and fistula of anal and rectal region; FEMGENFISTUL: fistula
involving female genital tract; NSNP: the number of single nucleotide polymorphisms used in MR
analysis; OR: odds ratio; CI: confidence interval).

3.3. Forward Multivariable Mendelian Randomization Analyze

Based on the above results, both UC and CD seem to be related to the occurrence of
fistulas. However, considering the possible confounding effect of CD in UC, we further
conducted MVMR analysis of the causal effect of UC and CD on fistula. The results
showed that only CD was significantly associated with fistula (OR: 1.06, 95% CI: 1.02 to
1.11, p = 0.004), while UC did not increase the risk of fistula (OR: 1.01, 95% CI: 0.95 to
1.06, p = 0.84) (Figure 3). After fistula classification, CD increased the risk of FISSANAL
(OR: 1.06, 95% CI: 1.02 to 1.11, p = 0.005) and was not associated with FEMGENFISTUL
(OR: 1.03, 95% CI: 0.88 to 1.22, p = 0.69) (Figure 3). The occurrence of FISSANAL and
FEMGENFISTUL was not affected by UC (FISSANAL: OR: 1.02, 95% CI: 0.97 to 1.08,
p = 0.47; FEMGENFISTUL: OR: 0.86, 95% CI: 0.70 to 1.06, p = 0.15) (Figure 3).
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Figure 3. Multivariable Mendelian randomization (MVMR) results. Causal estimation of IBD subtype
effects on fistulas (IBD: inflammatory bowel disease; UC: ulcerative colitis, CD: Crohn’s disease;
FISTULA: colonic or urogenital fistula; FISSANAL: fissure and fistula of anal and rectal regions;
FEMGENFISTUL: fistula involving female genital tract; NSNP: the number of single nucleotide
polymorphisms used in MR analysis; OR: odds ratio; CI: confidence interval).

3.4. Reverse Mendelian Randomization Analyze

We explored the impact of fistula on IBD as an exposure factor. Results showed that
FISTULA would not increase the risk of IBD (UC and CD) occurrence: FISTULA to IBD (OR:
1.01, 95% CI: 0.96 to 1.07, p = 0.66; FISTULA to UC (OR: 1.10, 95% CI: 0.96 to 1.27, p = 0.17);
FISTULA to CD (OR: 1.01, 95% CI: 0.94 to 1.1, p = 0.72) (Figure 4). Similarly, FISSANAL
had no significant effect on IBD (UC and CD) (FISSANAL to IBD: OR: 0.97, 95% CI: 0.93
to 1.02, p = 0.26, FISSANAL to UC: OR: 1.07, 95% CI: 0.94 to 1.23, p = 0.31, FISSANAL to
CD: OR: 0.98, 95% CI: 0.90 to 1.06, p = 0.62) (Figure 4). In addition, FEMGENFISTUL was
not associated with IBD (FEMGENFISTUL to IBD: OR: 1.01, 95% CI: 0.99 to 1.04, p = 0.23,
FEMGENFISTUL to UC: OR: 1.03, 95% CI: 0.99 to 1.08, p = 0.14, FEMGENFISTUL to CD: OR:
1.03, 95% CI: 1.0 0 to 1.06, p = 0.06) (Figure 4). Neither the Cochran Q test nor the MR-Egger
intercept test could detect the existence of heterogeneity and pleiotropy (Supplementary
Table S5). None of the other methods showed significant results, suggesting that fistula
(FISTULA, FISSANAL, and FEMGENFISTUL) did not affect the occurrence of IBD (UC,
CD). The results of “leave-one-out” analysis and scatterplots are attached (Supplementary
Figures S3 and S4).

Figure 4. Mendelian randomization (MR) results of IVW. Causal estimation of fistula effects on IBD
(IBD: inflammatory bowel disease; UC: ulcerative colitis; CD: Crohn’s disease; FISTULA: colonic or
urogenital fistula; FISSANAL: fissure and fistula of anal and rectal regions; FEMGENFISTUL: fistula
involving female genital tract; NSNP: the number of single nucleotide polymorphisms used in MR
analysis; OR: odds ratio; CI: confidence interval).
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4. Discussion

To our knowledge, this is the first MR study to analyze the causality between IBD
and fistula. In this study, we explored the causal relationship between IBD (UC or CD)
and fistula (FISTULA, FISSANAL, and FEMGENFISTUL) bi-directionally. Our results, in
support of the previous observational study, indicate that fistula is primarily associated
with CD. In addition, no adequate evidence that fistula increases the risk of IBD was found
in reverse MR analysis.

Fistula is a complication of IBD, which can aggravate the disease and compromise the
quality of life of patients. In particular, severe fistulas can cause intestinal damage and even-
tually require surgical management, increasing the difficulty of IBD management [29,30].
The mechanism of fistula is not well understood but may be related to bacterial infection of
the gut and transmural inflammation of the mucosa, leading to infiltration into adjacent
organs, tissues, or skin [31,32]. Perianal fistula is the most common of all fistulas, affecting
nearly a quarter of the CD population. Our results confirmed a significant positive rela-
tionship between CD and fistulas, especially FISSANAL. In addition, although forward
MR results showed that UC could also increase the incidence of fistula, it was considered
that most IBD-related susceptibility gene loci were simultaneously associated with UC and
CD [33]. Therefore, the causal relationship between UC and fistula may be confused by
CD. After eliminating the mixing of CD and UC by MVMR, we found that UC did not
increase the risk of fistula. The causes of perianal fistula can be summarized as persistent
inflammatory irritation, bacterial infection, and epithelialization after wound repair fail-
ure [34,35]. First of all, both UC and CD manifest as chronic inflammation involving the
intestine. UC is generally limited to the mucosal layer and submucosa of the colon, while
CD is more penetrating, often manifesting as fissure-like ulcers, which can reach deep into
the submucosa, muscular layer, and even the serous membrane [36]. Furthermore, the
damage of the mucosa creates the basic conditions for the formation of fistulas. Regard-
ing the involvement of infectious factors, no clear strain has been found to be associated
with fistula development, but the presence of peptidoglycan has been confirmed at the
fistula and the use of antibiotics can improve the symptoms of perianal fistula [37,38].
Therefore, experts speculate that fistula may be a severe inflammatory reaction caused by
bacterial infection triggering the immune response based on the defect of the intestinal
epithelial barrier [39]. To restore normal structure and function, epithelial-mesenchymal
transformation (EMT) occurs at the fistula, where myofibroblasts are activated and migrate
to the damaged site for repair under the induction of TGF-β [40,41]. At the same time,
myofibroblasts secrete matrix metalloproteinase (MMP) to degrade the extracellular matrix,
which in turn leads to continuous tissue destruction, resulting in chronic fistula [42]. A
rectovaginal fistula is an abnormal connection between the rectum and vagina. The causes
of genital fistulas include obstetric trauma, Crohn’s disease, secondary to cryptogenic gland
abscess, and radiation injury [43,44]. Ischemic damage to the soft tissues of the pelvis
caused by the baby’s head during prolonged labor is the leading cause of genital fistula,
especially in countries with poor health care, where up to 5.6 per 1,000 women develop
genital fistula after childbirth [45]. Although a survey of patients with Crohn’s disease
showed management of rectovaginal fistulas in 9% of all fistulas [43], there was a lack of
history regarding whether the patient had a previous obstetric injury. Our results suggest
that there is no causal relationship between IBD and FEMGENFISTUL. Therefore, whether
Crohn’s disease is a direct factor of genital fistula in patients, or a secondary result of birth
canal injury, needs further prospective investigation. Fistula is a risk predictor for CD
exacerbations, and accurate assessment of fistula by clinicians is essential for subsequent
treatment and management [46]. Fistulas have a significant impact on the quality of life of
patients, yet there is currently no effective means of intervention. Therefore, fistulas need to
be managed with a proactive attitude, integrated drugs, and a multidisciplinary approach.
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The advantage of this study is that there are currently no RCTs of fistula in IBD, and
existing clinical observational studies are subject to some unavoidable confounding factors.
By using large-scale GWAS data to perform MR analysis on IBD and fistula, we obtained a
relatively accurate causal assessment and confirmed the causal relationship between IBD
and fistula. In addition, the confounding bias between UC and CD was considered and
corrected by MVMR analysis. Of course, certain limitations should be recognized. First of
all, it is difficult to predict the risk of different fistulas in CD due to incomplete fistula data
and limited fistula classification. Secondly, the incidence of fistula gradually accumulates
with the prolongation of the course of the disease, and there are certain differences between
sexes. We did not stratify the population. IBD has a course characterized by alternating
periods of remission and relapse, and analysis of the impact of IBD disease activity on fistula
is lacking. In addition, because the FinnGen database does not provide the corresponding
article description, we were unable to adjust for using the same covariates for both samples.
These factors may influence the judgment of the results.

5. Conclusions

In summary, our results support a potential causal relationship between IBD and
fistulas, primarily influenced by CD, and confirm that fistulas are not associated with the
occurrence of IBD (UC and CD). Therefore, we should strengthen the management of CD
patients to identify fistulas at an early stage and cooperate with multidisciplinary experts
to intervene in fistula occurrence.
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Fistula-related SNPs. Supplementary Table S4. Forward Mendelian Randomization (MR) results.
Supplementary Table S5. Reverse Mendelian Randomization (MR) results. Supplementary Figure S1.
Scatterplots of the risk of forward genetic association between inflammatory bowel disease and fistu-
las by MR. Supplementary Figure S2. The result of forward ‘Leave-one-out’ analysis. Supplementary
Figure S3. Scatterplots of the risk of reverse genetic association between inflammatory bowel disease
and fistulas by MR. Supplementary Figure S4. The result of reverse ‘Leave-one-out’ analysis.
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