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Abstract
[bookmark: OLE_LINK4161][bookmark: OLE_LINK4162]Patients with inflammatory bowel disease (IBD) are more likely to have concurrent immune-mediated inflammatory diseases (IMIDs) than those without IBD. IMIDs have been observed to alter the phenotype and outcomes of IBD in recent studies. Several studies have found that IBD patients with concurrent IMIDs may have more extensive or severe disease phenotypes, and are considered to be at increased risk of requiring biologics and IBD-related surgeries, suggesting that having multiple IMIDs is a poor prognostic factor for IBD. Furthermore, IBD patients with primary sclerosing cholangitis and Takayasu arteritis are reported to have unique endoscopic phenotypes, suggesting concurrent IMIDs can influence IBD phenotype with specific intestinal inflammatory distributions. In this review, we discuss the pathogenesis, disease phenotypes, and clinical outcomes in IBD patients with concomitant IMIDs.
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[bookmark: OLE_LINK4357][bookmark: OLE_LINK4358][bookmark: OLE_LINK4194][bookmark: OLE_LINK4195]Core Tip: Patients with inflammatory bowel disease (IBD) are more likely to acquire other immune-mediated inflammatory diseases (IMIDs). IBD patients with concurrent IMIDs were more likely to require biologics and IBD-related surgeries than non-IBD patients due to extensive disease phenotypes according to recent studies. As a result, when treating IBD patients, we must be aware of the concurrence of other IMIDs and understand its pathogenesis to select biologic and small molecule therapies that treat multiple concomitant diseases.

INTRODUCTION
[bookmark: OLE_LINK4163][bookmark: OLE_LINK4164][bookmark: OLE_LINK4165][bookmark: OLE_LINK4166]Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn’s disease (CD), is a chronic relapsing intestinal inflammatory disorder[1]. IBD is a complex disease that is linked to both hereditary and environmental variables, although the etiology is unknown[2-4]. Previous genome-wide association studies (GWASs) identified 99 loci associated with UC and revealed a minimum of 28 shared associations between UC and CD[5]. GWASs have revealed 71 unique loci related to CD and significant genetic overlap with loci related to other immune-mediated inflammatory diseases (IMIDs)[6].
[bookmark: OLE_LINK4167][bookmark: OLE_LINK4168][bookmark: OLE_LINK4173][bookmark: OLE_LINK4174][bookmark: OLE_LINK4169][bookmark: OLE_LINK4170][bookmark: OLE_LINK4200][bookmark: OLE_LINK4201]In the pathophysiology of intestinal inflammation in IBD, antigen-presenting cells (APCs) and effector T cells, such as T helper (Th) 1, Th2, and Th17 cells play a pathogenic role[4]. T-cell-mediated immune responses are triggered and modulated by APCs, such as dendritic cells and macrophages. Interleukin (IL)-12 activates Th1 cells that produce interferon-γ, tumor necrosis factor (TNF)-α, and IL-12[7] (Figure 1). TNF-α is released from activated macrophages in response to interferon, leading to the differentiation of stromal cells into myofibroblasts and the synthesis of matrix metalloproteinases that destroy tissue[8]. While aberrant Th1 responses are thought to involve in CD intestinal inflammation, Th2 cell-mediated inflammation is suggested to be fundamental to the pathogenesis of UC[8]. Th17 cells are characterized by a distinct subset of CD4+ T cells promoting the expression of IL-17 and maintained by IL-23[9,10] (Figure 1). Th17 cells and their cytokines play important roles in the inflammatory pathways of both UC and CD[11]. Innate lymphoid cells (ILCs), which do not exhibit antigen receptors to distinguish T cells from B cells, contribute to the pathogenesis in IBD as well, particularly in CD[12]. ILCs are divided into three groups based on the cytokine profiles of helper T-cell subsets, with ILC1, ILC2, and ILC3 serving as the counterparts of Th1, Th2, and Th17 cells, respectively[12].
[bookmark: OLE_LINK4198][bookmark: OLE_LINK4199]Given that IBD patients are more likely to have additional IMIDs than nonIBD patients in various studies[13-15], multiple immune pathways may be shared between IBD and other IMIDs. Among recent cross-sectional research of members of a Northern California managed care organization, 17% of IBD patients had at least one IMID diagnosis, whereas the proportion of concurrent IMIDs was 10% in nonIBD individuals[13]. While another study found no significant differences in CD phenotype between individuals with and without IMID, UC patients with another IMID were more likely to have a pancolitis phenotype than those who did not. Furthermore, IBD patients with another IMID had a higher percentage of patients who needed TNF inhibitors or surgery than those without[14]. Of note, previous research found that IBD patients with primary sclerosing cholangitis (PSC) or Takayasu arteritis (TAK) have distinct endoscopic IBD phenotypes[16,17]. IBD can affect the phenotypes and disease courses of concurrent IMIDs as well, according to a recent meta-analysis[18]. All these studies reveal that the presence of other IMIDs in IBD patients can influence disease phenotypes and outcomes and vice versa.
We evaluate the pathogenesis, disease phenotypes, and clinical outcomes in IBD patients with concurrent IMIDs in this review, which includes IMIDs with a high prevalence among patients with IBD and IMIDs that alter IBD phenotypes and outcomes.

IMIDS WITH HIGH PREVALENCE AMONG IBD
Asthma, psoriasis, and rheumatoid arthritis (RA) were the most common IMIDs among IBD patients, according to the data from Northern California managed care organizations[13]. Another study based on prospective registry data found that 21% of IBD patients also had another IMID. Asthma (9.9%), psoriasis (6.1%), and RA (2.0%) were consistently reported to coexist with IBD[14].

Asthma and IBD
Asthma is a prevalent chronic airway disease characterized by respiratory symptoms such as coughing and shortness of breath[19]. Asthma is a Th2 cell-mediated disease. Dendritic cells capture inhaled allergens and present them to naïve CD4+ T cells, resulting in the polarization of Th2 cells. These cells produce IL-4, IL-5, and IL-13, promoting eosinophil migration to the airway, bronchial hyperresponsiveness, mucus overproduction, and immunoglobulin E synthesis[19]. ILC2 also plays a role in the pathogenesis of asthma. ILC2 is activated by IL-25 and IL-33 and can produce Th2 cell-associated cytokines, causing airway hypersensitivity and tissue remodeling[19]. Th2 cell-mediated inflammatory pathways are also implicated in IBD patients, particularly UC patients (Figure 1 and Table 1). Macrophages or dendritic cells acquire luminal antigens in the intestine and present them to naïve CD4+ T cells, boosting their differentiation into Th2 cells in the immunological pathways involved in UC[20]. Given the high transcript levels of IL-17A that are detected in both of CD and UC, Th17 cells are also linked to the development of UC[11]. Although ILC1 and ILC3 are considered to be involved in the pathogenesis of CD, it is unclear if ILC2 contributes to the development of UC[12,21].

Psoriasis and IBD
Psoriasis is an immune-mediated skin disorder that affects the skin and/or joints[22] resulting in pruritic and painful skin plaques. Psoriasis is caused by the activation of plasmacytoid dendritic cells, which release various proinflammatory cytokines including TNF, interferon-γ, IL-12, and IL-23. IL-12 aids in the development of Th1 cells from naïve T cells, while IL-23 aids in the maintenance of IL-17-producing Th17 cells. Th17 cells generate IL-17A, IL-17F, and IL-22, while activated Th1 cells release interferon-γ and TNF-α, causing keratinocyte hyperproliferation and other psoriasis clinical features[23]. Similarly, Th1 and Th17 cells are involved in the major immunological mechanism of IBD, particularly CD[24]. ILC3, the counterpart of Th17 cells, is an important source of IL-17 in both psoriasis and CD[21]. Indeed, a systematic review and meta-analysis found that psoriasis patients had an increased risk of IBD, particularly CD[25]. A multicenter retrospective study found that 61% of IBD patients who started ustekinumab, an antagonist of the p40 subunit of IL-12 and IL-23, for concomitant active psoriasis achieved clinical remission of IBD[26]. Although TNF inhibitors are effective in the treatment of both psoriasis and IBD, they can also cause psoriasis[27]. TNF-α inhibition is speculated to cause uncontrolled production of interferon-γ by plasmacytoid dendritic cells, resulting in the recruitment of Th1 or Th17 cells into the dermis, which produces proinflammatory cytokines, such as IL-12 and IL-23[28]. Thus, these data support the notion that the immune mechanism involving Th1 cells, Th17 cells, and ILC3 may be the common pathway between psoriasis and IBD (Figure 1 and Table 1).

RA and IBD
RA is a chronic inflammatory disease that affects the cartilage and bone[29] resulting in painful and disfiguring joint deformities. Dendritic cells or macrophages uptake antigens and present them to T cells in the pathogenesis of RA, resulting in Th1 or Th17 cell-mediated diseases in the synovial tissue. Subsequently, the stimulated T cells activate macrophages, B cells, fibroblasts, and osteoclasts. TNF, IL-1, and IL-6 are secreted by the activated macrophages. Inflammatory mediators including matrix metalloproteinases are then produced by fibroblast-like synoviocytes, resulting in cartilage destruction. The activation of osteoclasts induces bone erosions as well[30]. A lymph node activation in RA patients is associated with an imbalance of ILCs, and ILC1 and ILC3 within the lymph node microenvironment can cause inflammation[21]. As a result, RA may have similar immune mechanisms with a CD rather than UC (Figure 1 and Table 1).
Ustekinumab was found to be ineffective in clinical trials of RA patients, whereas TNF, IL-6, and Janus kinase (JAK) inhibitors such as tofacitinib significantly improved RA disease activity when compared to placebo[31]. As a result, among medications approved for RA and IBD, TNF and JAK inhibitors may be effective for both IMIDs. Given that JAKs bind to cytokine receptors and transmit various extracellular cytokine signals such as IL-6, IL-12, IL-23, and interferons, JAK inhibitors are therefore expected to be effective for various IMIDs[28,32] (Table 1).

IMIDS AFFECTING IBD PHENOTYPES AND OUTCOMES
Several recent population-based studies and meta-analyses have shown that the presence of IMIDs may influence the disease course of IBD. According to a nationwide study of the Danish population, 22.5% of IBD patients had at least one concurrent IMID. This study found that risk factors such as older age and methotrexate use were associated with an increased risk of concurrent IMIDs, whereas male gender, a high socioeconomic status, and infliximab use were associated with a reduced risk of concurrent IMIDs. The impact of at least one concurrent IMID on the disease course of IBD was also investigated in this study. The occurrence of IMIDs increased the risk of surgery in CD patients but not in UC patients in the subgroup who developed IMIDs after the onset of IBD. Both UC and CD patients who had concurrent IMIDs were more likely to require biologics than those who did not[33]. IBD patients with concurrent IMIDs had an increased risk of extensive colitis/pancolitis and IBD-related surgeries compared with those without IMIDs, according to a recent systematic review and meta-analysis involving 16064 IBD patients with concurrent IMIDs and 3451414 IBD patients without IMIDs. Furthermore, those with concurrent IMIDs were at an increased risk of requiring immunomodulators and biologics[34]. Overall, these findings suggest that the coexistence of IMIDs is associated with severe IBD phenotypes.
Another recent systematic review and meta-analysis found that CD patients with concurrent IMIDs were more likely to have upper gastrointestinal involvement and nonstricturing and nonpenetrating phenotypes than those without IMIDs. Given that this meta-analysis suggests that CD patients with concurrent IMIDs may have a milder disease course, which contradicts the findings of the previous meta-analysis, more research is needed to better understand CD patients’ behaviors if they develop other IMIDs and require medication[35].
While it is unclear how different IMIDs affect IBD phenotypes and outcomes, previous research has consistently suggested that IMIDs such as PSC or TAK can influence the endoscopic findings of IBD to specific phenotypes[16,17,36,37]. On the other hand, recent studies have shown that there is an association between celiac disease and IBD and that	IBD patients with celiac disease can have distinct phenotypic characteristics and outcomes[38,39].

PSC and IBD
PSC is a chronic and progressive cholestatic disease that affects the intrahepatic and extrahepatic bile ducts[40]. PSC was found to be present in 2.2% of IBD patients. In one study, PSC was found to be present in 2.5% of UC patients and 0.96% of CD patients, respectively[41]. Patients with “extensive UC” had a higher prevalence of PSC than those with left-sided colitis. PSC was more common in CD patients with ileocolonic or colonic involvement than in those with ileal involvement[35,41]. PSC-IBD patients have a predilection for more severe right-sided colitis according to several studies[42,43]. Furthermore, patients with IBD who have PSC frequently develop a distinct IBD phenotype characterized by “rectal sparing” and “backwash ileitis”[16]. According to a systematic review of 11406 PSC-IBD patients, the pooled rate of rectal sparing and backwash ileitis was 9.9% and 12.3%, respectively[36]. Based on this systematic review, a meta-analysis found that the pooled event rate of pancolitis and rectal sparing was significantly higher in PSC-IBD patients than in IBD patients without PSC, but the rate of backwash ileitis was not statistically significant between the two groups[43].
Although PSC-IBD patients frequently develop pancolonic involvement with significant right-sided colitis, several studies have shown that their disease course was mild[43]. Previous studies found that PSC-IBD patients had fewer or no symptoms[44] and were less likely to require immunosuppressants such as steroids, thiopurines, hospitalization[45], and surgery than IBD patients without PSC[46]. In addition, patients with PSC-CD had a higher risk of nonstricturing and nonpenetrating behavior than those without PSC, as well as being less likely to undergo CD-related surgeries, according to a recent meta-analysis[35]. All of these findings suggest that PSC-IBD patients may have better IBD outcomes, suggesting that PSC-IBD is a distinct disease phenotype from IBD phenotypes in patients with other IMIDs (Table 1).
The cause of the disparity between endoscopic disease activity and clinical outcomes in patients with PSC-IBD is unknown. In a retrospective study, immunosuppressant use and colonic or ileal surgical resection were found to be less common in PSC-IBD patients than in IBD patients without PSC. However, this study discovered that a higher percentage of PSC-IBD patients used 5-aminosalicylates, suggesting that PSC-IBD patients are more likely to use 5-aminosalicylates to lower their risk of colorectal cancer or dysplasia and that their use can be associated with mild disease activity[46-48]. Meanwhile, a case-controlled study found that PSC-UC patients had a milder disease course than those with UC alone, even though the number of patients taking 5-aminosalicylates or sulfasalazine was the same[49]. Hence, more research is needed to understand if differences in the pathogenesis or medical therapies between PSC-IBD patients and patients with IBD alone can explain the unique disease phenotype of PSC-IBD.
Many studies have been carried out to better understand the mechanisms of PSC-IBD, and it has been discovered that there is less genetic overlap between PSC and IBD[50]. Thus, environmental factors such as the gut microbiome have been highlighted. According to the “leaky gut” theory, IBD-related mucosal injury allows the colonic bacteria to cross the gut barrier and into the liver, resulting in the development of PSC[43]. Although the exact mechanism is unknown, PSC-IBD patients were more likely to develop colorectal cancer than IBD patients without PSC[43], so UC guidelines recommend colorectal cancer screening at the time of PSC diagnosis[51].

Celiac disease and IBD
Celiac disease is a gluten-induced disease that frequently coexists in patients with IMIDs[52]. Patients with IBD have a higher risk of celiac disease compared to controls according to a systematic review and meta-analysis (risk ratio 3.96; 95% confidence interval: 2.23-7.02). Patients with celiac disease have a significantly increased risk of IBD compared to controls (risk ratio 9.88; 95% confidence interval: 4.03-24.2), suggesting the shared pathogenesis between both diseases[38]. A case–control study based on a national registry of pediatric IBD patients found that CD patients with celiac disease were less likely to have ileocolonic involvement and require medical therapies such as TNF inhibitors or azathioprine than CD patients alone. While disease distribution and medical treatments were not significantly different between UC patients with and without celiac disease, UC patients with celiac disease had a higher risk of colectomy[39], suggesting that CD patients with celiac disease may have better outcomes, whereas the concurrence of celiac disease can potentially worsen UC outcomes (Table 1).
Some genetic, environmental, and immunological factors are shared by celiac disease and IBD. GWASs revealed that celiac disease and CD share genetic risk loci including PTPN2, IL18RAP, TAGAP, and PUS10[53]. Both diseases have been linked to microbial factors[54,55]. Celiac disease is a CD4+ T-cell-dependent disease associated with chronic intestinal inflammation, according to the immunological mechanism[56]. APCs present gliadin peptide to CD4+ T cells, which then produce proinflammatory cytokines such as interferon-γ and IL-21, increasing intraepithelial lymphocytes (IELs)[56]. The IELs such as CD8+ T cells carrying αβ T-cell receptor (TCR) or CD4−CD8− γδ TCR+ T cells cause cytolysis or apoptosis in intestinal epithelial cells[57,58]. Patients with celiac disease have mucosal Th17 cells, and an increased level of IL-17A expression is associated with villous atrophy, a hallmark pathologic feature of celiac disease[59,60]. Th17 cells produce IL-17, interferon-γ, and IL-21, which play a role in celiac disease pathogenesis[61]. In terms of ILCs, it remains unclear how these cells are associated with the disease initiation and progression[62]. These findings support that Th17 cells may be involved in both IBD and celiac disease (Figure 1 and Table 1).

TAK and IBD
TAK is a type of chronic large-vessel vasculitis that primarily affects the aorta, and its major branches, as well as pulmonary arteries[63]. The prevalence of UC and CD among TAK patients was reported to be 6.4% (30/470) and 9.0% (4/44), respectively[64,65]. Endoscopic features of IBD in TAK patients were found to be atypical for UC or CD in a previous retrospective study[17]. This study, which included 142 Japanese TAK patients, identified 13 TAK-IBD patients (9.2%), and their endoscopic findings at the initial time of IBD diagnosis were assessed. As a result, 7/8 (87.5%) of TAK patients had “discontinuous aphthous erosions/ulcers or focal mucosal inflammation” with only one patient having continuous inflammation typical of UC[17], suggesting that TAK-IBD patients have a distinct endoscopic IBD phenotype. This study also discovered that patients with TAK-IBD were more likely to have the HLA haplotype, which has a susceptible effect on UC, when compared with TAK patients without IBD, implying that TAK-IBD may have a similar immune mechanism to UC. A recent case study describing the evolution of colonic inflammation in a TAK-IBD patient during 10-year observation found that colonic inflammation was initially discontinuous and more severe in the proximal colon than in the remaining colon[37], supporting the presence of a distinct IBD phenotype in TAK-IBD patients (Table 1).
Th1 and Th17 cells are predominant in the pathophysiology of TAK just as they are in the pathogenesis of CD[66] (Figure 1 and Table 1). TAK patients’ aorta expresses higher levels of IL-6, IL-12, IL-17, and interferon-γ[67], and a single nucleotide polymorphism encoding a common component of IL-12 and IL-23 is associated with the development of TAK[64]. In a previous study, ustekinumab was shown to reduce inflammatory markers and the dose of steroid needed in the treatment of TAK patients[68]. Many case studies have described TAK-IBD patients’ therapeutic approaches to date. Tofacitinib, a JAK inhibitor that was recently approved for UC[69], was found to be effective for both inflammatory conditions[70,71], implying that it can inhibit multiple inflammatory signals involved in TAK and IBD, suggesting that JAK pathways could be a promising therapeutic target. To better understand the prognosis of IBD in such patients with TAK, further studies are needed.
Figures 2 and 3 show representative endoscopic findings of PSC-IBD and TAK-IBD, respectively.

CONCLUSION
Recent research has revealed that IBD and other IMIDs share overlapping genetic and immunological etiologies. Indeed, IBD patients frequently develop concurrent IMIDs, and these patients have a higher risk of severe IBD phenotypes, implying that the presence of IMIDs is a poor prognostic factor for IBD. As a result, when treating IBD patients, we should be aware of the presence of other IMIDs, as biologics and small molecule therapies may be able to treat multiple disease states simultaneously. Multidisciplinary care with rheumatologists or dermatologists is also important when deciding the therapeutic strategy for IBD patients with concurrent IMIDs.
Furthermore, patients with IMIDs such as PSC or TAK can have distinct endoscopic phenotypes of IBD, suggesting that the immune mechanisms of these IMIDs may affect how intestinal inflammation is distributed. Even though IBD patients with concurrent IMIDs are more likely to require biologics or surgery, the disease course of PSC-IBD patients is not often associated with poor IBD outcomes, although these patients are more likely to develop pancolonic inflammation. Further research involving various concurrent IMIDs is needed in light of these findings to better understand how each IMID and its medication may affect the phenotype and natural history of IBD.
In the future, clinicians and researchers will face a challenge in identifying therapeutic targets to improve patient outcomes. Previous studies have shown that Th1 and Th17 cells (rather than Th2 cells) are more likely to be involved in the concurrence of other IMIDs in IBD patients, implying that these effector T cells and their cytokines could be promising therapeutic targets. Future research is needed to gain further insights into the shared immune mechanisms involved in the pathophysiology of IBD and other IMIDs to develop appropriate therapeutic targets to treat both diseases.
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[bookmark: OLE_LINK4188][bookmark: OLE_LINK4189][bookmark: OLE_LINK4171][bookmark: OLE_LINK4172]Figure 1 The potential common immunological mechanisms shared between inflammatory bowel diseases and other immune-mediated inflammatory diseases. IFN-γ: Interferon-γ; TNF-α: Tumor necrosis factor-α; IL: Interleukin; Th17 cells: IL-17 producing T helper cells; Th1 cells: T helper 1 cells; Th2 cells: T helper 2 cells; CD: Crohn’s disease; UC: Ulcerative colitis.
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Figure 2 Colonoscopy showing representative endoscopic findings of a patient with primary sclerosing cholangitis and ulcerative colitis. Right-sided predominant colitis and rectal sparing. A: Terminal ileum with normal mucosa; B: Ascending colon, diffuse inflammation with erosions, loss of vascular pattern and friability; C: Sigmoid colon, with mild erythematous inflammation and decreased vascular pattern; D: Rectum, with normal mucosa.
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[bookmark: OLE_LINK4192][bookmark: OLE_LINK4193]Figure 3 Colonoscopy showing representative endoscopic findings of a patient with Takayasu arteritis and inflammatory bowel disease. A: Terminal ileum with normal mucosa; B and C: Sigmoid and rectosigmoid colon, respectively, with discontinuous round ulcers; D: Lower rectum, with deep and large longitudinal ulcers.


[bookmark: OLE_LINK4196][bookmark: OLE_LINK4197]Table 1 Characteristic and clinical outcomes in inflammatory bowel disease patients with concurrent immune-mediated inflammatory diseases
	IMIDs with high prevalence among patients with IBD
	Possible shared immune cells contributing to pathogenesis
	IBD phenotypes
	IBD outcomes
	Possible shared therapies 

	Asthma
	Th2 cells
	Indefinite
	Indefinite
	Indefinite

	Psoriasis
	Th1 cells, Th17 cells, and ILC3
	Indefinite
	Indefinite
	Ustekinumab; TNF inhibitors

	Rheumatoid arthritis
	Th1 cells, Th17 cells, ILC1, and ILC3
	Indefinite
	Indefinite
	Tofacitinib; TNF inhibitors

	IMIDs affecting phenotypes or outcomes of IBD

	PSC
	Indefinite (leaky gut theory)
	Severe right-sided colitis, rectal sparing, and backwash ileitis
	PSC-IBD patients have fewer or no symptoms, and are less likely to require immunosuppressants, hospitalization, and surgery than IBD patients alone
	Indefinite

	Celiac disease
	Th17 cells
	CD patients with celiac disease are less likely to have ileocolonic involvement than CD patients alone
	CD patients with celiac disease are less likely to require TNF inhibitors or azathioprine than CD patients alone. UC patients with celiac disease have an increased risk of colectomy
	Indefinite

	Takayasu arteritis
	Th1 cells and Th17 cells
	Discontinuous aphthous erosions/ulcers or focal mucosal inflammation
	Indefinite
	Tofacitinib; Ustekinumab; TNF inhibitors


IBD: Inflammatory bowel disease; PSC: Primary sclerosing cholangitis; IMIDs: Immune-mediated inflammatory diseases; TNF: Tumor necrosis factor; Th17 cells: Interleukin-17 producing T helper cells; Th1 cells: T helper 1 cells; Th2 cells: T helper 2 cells; CD: Crohn’s disease; UC: Ulcerative colitis; ILC: Innate lymphoid cell.
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