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Irritable bowel syndrome (IBS) is a functional heterogenous disease with a multifactorial pathogenesis. It is characterized

by abdominal pain, discomfort, and alteration in gut motility. The occurrence of similar symptoms was observed in patients

in clinical remission of inflammatory bowel diseases (IBD) that is Crohn’s disease (CD) and ulcerative colitis (UC), which

pathogenesis is also not fully understood.

IBS and IBD seem to be quite separate entities, but still, they do share some similarities. First, their symptoms overlap to

some extent: They both may include abdominal pain, bloating, diarrhea, and watery stools, which can make it difficult to

distinguish between these disorders. However, pain in IBS results from tension in the intestinal wall and can be relieved

by defecation, while in IBD, it is more constant, and it may result from inflammatory cytokines impacting on afferent nerve

firing. Moreover, in the case of IBD, there are so-called “alarm symptoms”, such as fever, weight and appetite loss, bloody

stool, vomiting, or anemia, which are absent in IBS. Second, despite the fact that extracolonic symptoms may appear in

the course of both diseases, in IBS, they are more general and include, for example, nausea or dyspepsia, while they

seem to be more serious and disabling in IBD—they may affect joints, eyes, skin or liver. Furthermore, the epidemiology is

slightly different—IBS may occur at any age and is seen more often in women, while IBD appear mainly in young adults

between 15 and 30 years old and remain gender-neutral—as mentioned earlier. Phenotypic differences are also clear—in

IBS, visibly normal mucosa is observed. On the contrary, in IBD, inflammation, ulcerations, fibrosis, and structuring can be

seen during colonoscopy with the naked eye. The pathogenesis of IBS and IBD is not completely understood; however, it

is believed to be multifactorial. In both cases, it may include not only environmental and psychological factors (such as

stress, depression, negative life events) but also genetic factors, enduring submucosal inflammation, and other changes

involving the gut–brain axis and alteration in gut microbiota.
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1. Immune System Activation and Increased Permeability

The immune system plays a crucial role in the pathophysiology of IBS and IBD, regardless of the triggering factors . In

IBS, the recruitment of immune cells, for example, mast cells (the most common histological finding, responsible for the

release of histamine, proteases, and chemokines) and lymphocytes, is observed. That also promotes local edema and

increased levels of cytokines, such as IL-6, TNF, IL-1-β, which are currently identified to have a possible relationship with

IBS and are also highly linked with depression and anxiety, suggesting the role of the gut in proper brain functioning 3]

. Higher serum levels of IL-6, IL-8, and TNF-α revealed in IBS suggest a role of systemic inflammation in this disorder 

. Moreover, low-grade inflammation reported in IBS can stimulate visceral nerves and induce dysmotility—the most

typical symptom of IBS . Interestingly, postinfectious IBS (PI-IBS, a subtype which is a consequence of past history or

history of non-recognized bacterial, viral, or parasite GI infections) is believed to be associated with inflammation and

mucosal damage rather than sporadic IBS, and according to Sadeghi et al., its characteristic features are increased

macrophages, T lymphocytes, and serum IL-6 . On the other hand, IBD also involves the recruitment of immune cells—

mainly lymphocytes, which also release proinflammatory cytokines, such as TNF, IL-23, IL-17A, and IFN-γ . Moreover,

the inflammatory environment in IBD promotes the recruitment of monocytes in the immature proinflammatory state, which

are believed to intensify chronic inflammation in the gut . The best-known immune pathway connected with IBD is the

nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB) . It is responsible for hyper-activation in epithelial

or immune cells in IBD patients and increased production of other cytokines: IL-6, IL-12, IL-23, IL-1-β, and TNF-α .

What is more, a study by Langer et al. revealed that the inhibition of IFN-γ (another upregulated cytokine linked with

immune modulation in IBD) alleviates experimentally induced colitis in IFN-γ knockout mice . Of note, IL-6 and IL-8,

which are elevated in IBD, have also been reported to be increased in IBS, as mentioned above . What is more,

calprotectin and human beta-defensin 2 (markers of innate immunity activation) can fluctuate in both IBS and IBD:

Calprotectin, used mainly for detecting IBD, can also be marginally elevated in IBS patients, and human beta-defensin 2

may be increased even equally to the levels seen in active UC . In consequence, despite the fact that each disease
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engages different elements of the immune system, they share a common consequence—mucosal immune activation and

increased intestinal barrier permeability, which may underlie the pathogenesis of both entities . A study by Vivinus-Nebot

M. et al.  revealed that mucosal permeability in IBD patients with IBS-like symptoms is clearly elevated in comparison

to healthy controls and IBD patients without IBS manifestations. Moreover, this abnormality can open the way for other

factors to influence the gut, such as bacterial and food antigens . 

2. Alteration in Gut Microbiota

The intestinal microbiota are responsible for gut development, digestion, metabolism, proper development of the humoral

and cellular mucosal immune system, and protection against pathogens . Any changes in bacterial number and

composition may result in dysregulation between host and microbes known as dysbiosis, which may be triggered by

pathogens, inflammatory mediators, or any initiators that can provoke a reaction of the immune system (such as diet,

medical treatment, gut transit, redox potential in the gut lumen)  and lead to the inappropriate functioning of microbiota

. Several studies confirm gut dysbiosis in both IBS and IBS, which may be secondary due to mentioned triggers or may

primarily contribute to IBD symptoms themselves . However, the results reported are somewhat ambiguous. There is

a consensus, based on a meta-analysis of CD-positive patients, that Bacteroidetes and Enterobacteriaceae are highly

increased, while Firmicutes are decreased in these patients in comparison to healthy controls . On the other hand,

growth of Bacteroidetes was also observed in PI-IBS . At the same time, according to another study , the microbiota

of patients with CD differ noticeably from IBS patients, especially in the number of Faecalibacterium prausnitzii (F,

frequently decreased in CD) and mucosa-associated Escherichia coli (E, often increased in this condition). This study

revealed that CD can be distinguished from UC and IBS by a decreased F:E ratio. What is more, according to Porter et

al., intercurrent infectious gastroenteritis (IGE, foodborne illnesses caused mainly by Salmonella spp., Campylobacter

spp., and others) may increase IBD risk in IBS patients, suggesting the existence of a complex interaction between these

disorders . Interestingly, there are some data about the role of gut microbiota in the regulation and modulation of the

immune system in IBD. For example, according to Grainger et al., microbiota are needed for the production of IL-10,

which downregulates IFN-γ responses, and according to Longman et al., for proper intestinal barrier repair through innate

production of IL-22 . Moreover, one study in mice showed that T-reg cells (which are decreased in IBD) contribute to

gut homeostasis and are induced by the microbiota . In general, all these features underline the complex relationship

between IBS, IBD, microbiota, and the immune system and the necessity for further investigations in this area.

3. Genetic Factors

Recently, investigations on genetic predispositions to IBS and IBD gained more and more interest because of strong

evidence that both diseases aggregate in families. One study  showed lower concordance of IBS in dizygotic twins and

higher in monozygotic twins, suggesting the role of genetics. Another meta-analysis revealed that serotonin transporters

(SERT) insertion/deletion was associated with IBS in Asians and Caucasians but only for those with IBS-C . Apart from

this, mutations in an ion channel gene TRPM8 and sucraseisomaltase or single nucleotide polymorphisms were found to

also play a role in IBS pathogenesis, but this issue needs further research . Simultaneously, the number of loci

responsible for IBD vulnerability continually increases—NOD2, IRGM, ATG16L, and IL23R genes (responsible for

detection and response to gut bacteria) can be an example .

Of note, there is a possible genetic link between IBS and IBD, i.e., polymorphisms in the TNFSF15 gene (a member of the

TNF family, in charge of interferon production)—a risk factor of CD in Europeans and Asians also found in IBS 

. This can support the theory that excessive immune stimulation plays a role in both IBS and IBD pathogenesis .

However, the same study indicated no association between TNFSF15 and 30 other IBD genes, suggesting that IBD

occurrence requires other less common factors that are not required for IBS .

Summarizing, genetics is highly believed to be linked with the genesis of both entities, and the results of performed

investigations are promising. However, there is a long way to the discovery of genes specific for these disorders, mostly

due to the small sizes of the samples, lack of reproducibility in large data sets, and variability of the clinical phenotype,

which makes many studies easily underpowered .

4. Gut–Brain Axis

The gut–brain axis is a bidirectional communication system linking the central nervous system (CNS) and the enteric

nervous system (ENS) in the intestinal wall, which allows proper GI function (food intake, digestion, adequate bowel

movements) . Dysregulation of this system due to psychological stressors and emotional responses is believed to be

one of the main causes of GI disorders, including IBS . One study  proved that 72% of IBS patients had elevated
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anxiety, 36% depression, and 66% somatization levels. What is more, some studies revealed that anxiety can predict IBS

development—this can be proof for its etiological role . Experimentally induced anxiety via maternal deprivation or

crowding stress in rats may lead to visceral hypersensitivity, increased mast cell count, and gut permeability, which are

known as features of IBS . Less evidence has been gathered on the role of the gut–brain axis in IBD pathogenesis.

However, there are data pointing out that long-lasting stress increases the probability of a relapse in UC . Apart from

that, animal models of acute stress and anxious phenotype (induced by water avoidance or maternal deprivation) had

highly activated innate immunity (also seen in human studies with stressors like academic exams) and reported

exacerbation of spontaneous colitis, especially in genetically predisposed mice with IL-2-knockout . The last one

appeared to be connected with mast cells, mainly associated with IBS .

As mentioned earlier, psychological factors are considered to be involved in the pathogenesis of both disorders, but it

seems that they are more crucial in IBS than in IBD . IBS patients seem to be characterized by higher psychological

distress and illness anxiety than patients with IBD, but IBS and active IBD patients have the same anxiety and depression

levels. Nevertheless, an important role seems to be played by symptoms activity: Patients with IBS and IBD show little

differences in psychological distress or psychological risk factors.

Psychotherapy and behavioral therapy are a part of IBS management as they have a confirmed beneficial effect on

unpleasant symptoms. On the contrary, there are limited attempts of psychological interventions in IBD, but so far, they do

not show signs of improvement in colitis itself, although they improve the quality of life in both CD and UC .   

The autonomic nervous system (ANS, consisting of the parasympathetic, sympathetic, and enteric nervous system) also

participates in intestinal function control, and its dysregulation is increasingly believed to play a role in initiating and

perpetuating IBD; hence its neurons terminate in the gut wall, including the muscularis, mucosal epithelium,

enteroendocrine cells, and can be sensitive to chemical mediators of inflammation . Moreover, inflammatory signals

from IBD intestinal mucosa can influence peripheral neuronal signaling, resulting in peripheral sensitization with the

response of proinflammatory cells. Generally speaking, changes in ANS ganglia and nerve cell bodies’ morphology, with

modified expression of neurotransmitters, may be responsible for altered communication between ANS and effector

intestine cells. ANS imbalance may also play a part in the pathogenesis of IBS, but available data are not clear cut. The

results of the ANS investigations vary between the studies and suggest that depending on the IBS subtype

parasympathetic/sympathetic, tone, and outflow can be increased or decreased . No morphological changes have

been found so far. However, one study  confirms that the presence of chronic low-grade inflammation in IBS may

influence and change vagal reflexes. Moreover, in another study , IBS patients had increased heart rate, which may be

an indirect proof for cardiac sympathovagal imbalance. Nevertheless, the role of ANS in IBS pathogenesis requires better

study. Changes in ENS will be discussed below. 

5. Changes in Enteric Nerves

As mentioned earlier, some changes in ENS have been reported in both IBS and IBD. Analysis involving IBS showed that

TRPV-1-immunoreactive fibers and mast cells were related to a higher abdominal pain score, suggesting their role in

visceral hypersensitivity . Whereas, regarding IBD, there are interesting data in this area, especially from the patients

suffering from UC. One study showed  that the more severe UC is, the more substance-P-positive nerves are found

in colonic biopsy samples. Increases were also found in nerves co-expressing substance P and TRPV1 nerves with a

decrease in somatostatic nerves. As far as TRPV1 nerves are concerned, a research by Akbar A. et al.   revealed a

strong correlation between the number of TRPV1-positive fibers and pain, suggesting its pain-mediating role. The

occurrence of such changes in both IBS and IBD may be proof for common pathways in the pathophysiology of these

conditions and, further, a future direction for common pain treatment .

References

1. Stanisic, V.; Quigley, E.M.M. The overlap between IBS and IBD—What is it and what does it mean? Expert Rev.
Gastroenterol. Hepatol. 2014, 8, 139–145, doi:10.1586/17474124.2014.876361.

2. Fichna, J. A Comprehensive Overview of Irritable Bowel Syndrome. Clinical and Basic Science Aspects; Academic
Press: Cambridge, MA, USA, 2020; pp. 9–19, ISBN 978-0-12-821324-7.

3. Liebregts, T.; Adam, B.; Bredack, C.; Roth, A.; Heinzel, S.; Lester, S.; Downie-Doyle, S.; Smith, E.; Drew, P.; Talley,
N.J.; et al. Immune activation in patients with irritable bowel syndrome. Gastroenterology 2007, 132, 913–920,
doi:10.1053/j.gastro.2007.01.046.

[42][43]

[44][45]

[46][47]

[48][49][50]

[19]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58][59]

[60]

[19]



4. Seyedmirzaee, S.; Hayatbakhsh, M.M.; Ahmadi, B.; Baniasadi, N.; Rafsanjani, A.M.B.; Nikpoor, A.R.; Mohammadi, M.
Serum immune biomarkers in irritable bowel syndrome. Clin. Res. Hepatol. Gastroenterol. 2016, 40, 631–637,
doi:10.1016/j.clinre.2015.12.013.

5. Bashashati, M.; Moradi, M.; Sarosiek, I. Interleukin-6 in irritable bowel syndrome: A systematic review and meta-
analysis of IL-6 (-G174C) and circulating IL-6 levels. Cytokine 2017, 99, 132–138, doi:10.1016/j.cyto.2017.08.017.

6. Sinagra, E.; Pompei, G.; Tomasello, G.; Cappello, F.; Morreale, G.C.; Amvrosiadis, G.; Rossi, F.; Monte, A.I.L.; Rizzo,
A.G.; Raimondo, D. Inflammation in irritable bowel syndrome: Myth or new treatment target? World J. Gastroenterol.
2016, 22, 2242–2255, doi:10.3748/wjg.v22.i7.2242.

7. Sadeghi, A.; Biglari, M.; Moghaddam, S.N. Post-infectious Irritable Bowel Syndrome: A Narrative Review. Middle East
J. Dig. Dis. 2019, 11, 69–75, doi:10.15171/mejdd.2019.130.

8. Fichna, J. Introduction to Gastrointestinal Diseases Vol. 1; Springer International Publishing: Cham, Switzerland, 2017;
ISBN 978-3-319-49015-1.

9. Thiesen, S.; Janciauskiene, S.; Uronen-Hansson, H.; Agace, W.; Högerkorp, C.M.; Spee, P.; Håkansson, K.; Grip, O.
CD14hiHLA-DRdim macrophages, with a resemblance to classical blood monocytes, dominate inflamed mucosa in
Crohn’s disease. J. Leukoc. Biol. 2014, 95, 531–541, doi:10.1189/jlb.0113021.

10. Caër, C.; Wick, M.J. Human Intestinal Mononuclear Phagocytes in Health and Inflammatory Bowel Disease. Front.
Immunol. 2020, 11, 410, doi:10.3389/fimmu.2020.00410.

11. Papoutsopoulou, S.; Burkitt, M.D.; Bergey, F.; England, H.; Hough, R.; Schmidt, L.; Spiller, D.G.; White, M.R.H.;
Paszek, P.; Jackson, D.A. Macrophage-specific NF-kB activation dynamics can segregate inflammatory bowel disease
patients. Front. Immunol. 2019, 10, 2168, doi:10.3389/fimmu.2019.02168.

12. Nasef, N.A.; Mehta, S. Role of Inflammation in Pathophysiology of Colonic Disease: An Update. Int. J. Mol. Sci. 2020,
21, 4748, doi:10.3390/ijms21134748.

13. Langer, V.; Vivi, E.; Regensburger, D.; Winkler, T.H.; Waldner, M.J.; Rath, T.; Schmid, B.; Skottke, L.; Lee, S.; Jeon,
N.L. et al. IFN-γ drives inflammatory bowel disease pathogenesis through VE-cadherin–directed vascular barrier
disruption. J. Clin. Investig. 2019, 129, 4691–4707, doi:10.1172/JCI124884.

14. Gotteland, M.; Lopez, M.; Muñoz, C.; Saez, R.; Altshiller, H.; Llorens, P.; Brunser, O. Local and systemic liberation of
proin-flammatory cytokines in ulcerative colitis. Dig. Dis. Sci. 1999, 44, 830–835, doi:10.1023/a:1026690631693.

15. Dinan, T.G.; Quigley, E.M.; Ahmed, S.M.; Scully, P.; O’Brien, S.; O’Mahony, L.; O’Mahony, S.; Shanahan, F.; Keeling,
PW. Hypothalamic–pituitary–gut axis dysregulation in irritable bowel syndrome: Plasma cytokines as a potential
biomarker? Gastroenterology 2006, 130, 304–311, doi:10.1053/j.gastro.2005.11.033.

16. Tibble, J.A.; Sigthorsson, G.; Foster, R.; Forgacs, I.; Bjarnason, I. Use of surrogate markers of inflammation and Rome
criteria to distinguish organic from nonorganic intestinal disease. Gastroenterology 2002, 123, 450–460,
doi:10.1053/gast.2002.34755.

17. Langhorst, J.; Junge, A.; Rueffer, A.; Wehkamp, J.; Foell, D.; Michalsen, A.; Musial, F.; Dobos, G.J. Elevated human β-
defensin 2 levels indicate an activation of the innate immune system in patients with irritable bowel syndrome. Am. J.
Gastroenterol. 2009, 104, 404–410, doi:10.1038/ajg.2008.86.

18. Vivinus-Nebot, M. ; Frin-Mathy, G. ; Bzioueche, H. ; Dainese, R. ; Bernard, G. ; Anty, R. ; Filippi, J. ; Saint-Paul, M.C. ;
Tulic, M.K. ; Verhasselt, V. ; et al. Functional bowel symptoms in quiescent inflammatory bowel diseases: Role of
epithelial bar-rier disruption and low-grade inflammation. Gut 2014, 63, 744–752, doi:10.1136/gutjnl-2012-304066.

19. Spiller, R.; Major, G. IBS and IBD—Separate entities or on a spectrum? Nat. Rev. Gastroenterol. Hepatol. 2016, 13,
613–621, doi:10.1038/nrgastro.2016.141.

20. Casen, C.; Vebø, H.C.; Sekelja, M.; Hegge, F.T.; Karlsson, M.K.; Ciemniejewska, E.; Dzankovic, S.; Frøyland, C.;
Nestestog, R.; Engstrand, L.; et al. Deviations in human gut microbiota: A novel diagnostic test for determining
dysbiosis in patients with IBS or IBD. Aliment. Pharmacol. Ther. 2015, 42, 71–83, doi:10.1111/apt.13236.

21. Dridi, B.; Henry, M.; El Khechine, A.; Raoult, D.; Drancourt, M. High prevalence of Methanobrevibacter smithii and
Methano-sphaera stadtmanae detected in the human gut using an improved DNA detection protocol. PLoS ONE 2009,
4, doi:10.1371/journal.pone.0007063.

22. Rajilic-Stojanovic, M.; Jonkers, D.M.; Salonen, A.; Hanevik, K.; Raes, J.; Jalanka, J.; de Vos, W.M.; Manichanh, C.;
Golic, N.; Enck, P.; et al. Intestinal microbiota and diet in IBS: Causes, consequences, or epiphenomena? Am. J.
Gastroenterol. 2015, 110, 278–287, doi:10.1038/ajg.2014.427.

23. Wright, E.K.; Kamm, M.A.; Teo, S.M.; Inouye, M.; Wagner, J.; Kirkwood, C.D. Recent advances in characterizing the
gastro-intestinal microbiome in Crohn’s disease: A systematic review. Inflamm. Bowel Dis. 2015, 21, 1219–1228,
doi:10.1097/MIB.0000000000000382.



24. Jalanka-Tuovinen, J.; Salojärvi, J.; Salonen, A.; Immonen, O.; Garsed, K.; Kelly, F.M.; Zaitoun, A.; Palva, A.; Spiller,
R.C.; de Vos, W.M. Faecal microbiota composition and host–microbe cross-talk following gastroenteritis and in
postinfectious irri-table bowel syndrome. Gut 2014, 63, 1737–1745, doi:10.1136/gutjnl-2013-305994.

25. Lopez-Siles, M. ; Martinez-Medina, M. ; Busquets, D. ; Sabat-Mir, M. ; Duncan, S.H. ; Flint, H.J. ; Aldeguer, X. ; Garcia-
Gil, L.J. Mucosa-associated Faecalibacterium prausnitzii and Escherichia coli co abundance can distinguish irritable
bowel syn-drome and inflammatory bowel disease phenotypes. Int. J. Med. Microbiol. 2014, 304, 464–475,
doi:10.1016/j.ijmm.2014.02.009.

26. Porter, C.K.; Choi, D.; Cash, B.; Pimentel, M.; Murray, J.; May, L.; Riddle, M.S. Pathogen-specific risk of chronic
gastrointes-tinal disorders following bacterial causes of foodborne illness. BMC Gastroenterol. 2013, 13, 46,
doi.org/10.1186/1471-230X-13-46.

27. Grainger, J.R.; Wohlfert, E.A.; Fuss, I.J.; Bouladoux, N.; Askenase, M.H.; Legrand, F.; Koo, L.Y.; Brenchley, J.M.;
Fraser, I.D.; Belkaid, Y. Inflammatory monocytes regulate pathologic responses to commensals during acute
gastrointestinal infection. Nat. Med. 2013, 19, 713–721, doi:10.1038/nm.3189.

28. Longman, R.S.; Diehl, G.E.; Victorio, D.A.; Huh, J.R.; Galan, C.; Miraldi, E.R.; Swaminath, A.; Bonneau, R.; Scherl,
E.J.; Littman, D.R. CX3CR1+ mononuclear phagocytes support colitis-associated innate lymphoid cell production of IL-
22. J. Exp. Med. 2014, 211, 1571–1583, doi:10.1084/jem.20140678.

29. Alameddine, J.; Godefroy, E.; Papargyris, L.; Sarrabayrouse, G.; Tabiasco, J.; Bridonneau, C.; Yazdanbakhsh, K.;
Sokol, H.; Altare, F.; Jotereau, F. Faecalibacterium prausnitzii skews human DC to prime IL10-producing T cells through
TLR2/6/JNK signaling and IL-10, IL-27, CD39, and IDO-1 induction. Front. Immunol. 2019, 10, 143,
doi:10.3389/fimmu.2019.00143.

30. Kalantar, J.S.; Locke, GR.; Zinsmeister, A.R.; Beighley, C.M.; Talley, N.J. Familial aggregation of irritable bowel
syndrome: A prospective study. Gut 2003, 52, 1703–1707, doi:10.1136/gut.52.12.1703.

31. Zhang, Z.F.; Duan, Z.J.; Wang, L.X.; Yang, D.; Zhao, G.; Zhang, L. The serotonin transporter gene polymorphism (5-
HTTLPR) and irritable bowel syndrome: A meta-analysis of 25 studies. BMC Gastroenterol. 2014, 14, 23,
doi:10.1186/1471-230X-14-23.

32. Bonfiglio, F.; Henström, M.; Nag, A.; Hadizadeh, F.; Zheng, T.; Cenit, M.C.; Tigchelaar, E.; Williams, F.; Reznichenko,
A.; Ek, W.E.; et al. A GWAS meta-analysis from 5 population-based cohorts implicates ion channel genes in the
pathogenesis of ir-ritable bowel syndrome. Neurogastroenterol. Motil. 2018, 30, doi:10.1111/nmo.13358.

33. Henström, M.; Diekmann, L.; Bonfiglio, F.; Hadizadeh, F.; Kuech, E.M.; von Köckritz-Blickwede, M.; Thingholm, L.B.;
Zheng, T.; Assadi, G.; Dierks, C.; et al. Functional variants in the sucrase-isomaltase gene associate with increased risk
of ir-ritable bowel syndrome. Gut 2018, 67, 263–270, doi:10.1136/gutjnl-2016-312456.

34. Henström, M.; Hadizadeh, F.; Beyde, R.A.; Bonfiglio, F.; Zheng, T.; Assadi, G.; Rafter, J.; Bujanda, L.; Agreus, L.;
Andreasson, A.; et al. TRPM8 polymorphisms associated with increased risk of IBS-C and IBS-M. Gut 2017, 66, 1725–
1727, doi:10.1136/gutjnl-2016-313346.

35. Czogalla, B.; Schmitteckert, S.; Houghton, L.A.; Sayuk, G.S.; Camilleri, M.; Olivo-Diaz, A.; Spiller, R.; Wouters, M.M.;
Boeckxstaens, G.; Bermejo, J.L.; et al. A meta-analysis of immunogenetic Case–Control Association Studies in irritable
bow-el syndrome. Neurogastroenterol. Motil. 2015, 27, 717–727, doi:10.1111/nmo.12548.

36. Zucchelli, M.; Camilleri, M.; Andreasson, A.N.; Bresso, F.; Dlugosz, A.; Halfvarson, J.; Törkvist, L.; Schmidt, P.T.;
Karling, P.; Ohlsson, B.; et al. Association of TNFSF15 polymorphism with irritable bowel syndrome. Gut 2011, 60,
1671–1677, doi:10.1136/gut.2011.241877.

37. Swan, C.; Duroudie, R.N.P.; Campbell, E.; Zaitoun, A.; Hastings, M.; Dukes, G.E.; Cox, J.; Kelly, F.M.; Wilde, J.;
Lennon, M.G.; et al. Identifying and testing candidate genetic polymorphisms in the irritable bowel syndrome (IBS):
Association with TNFSF15 and TNFα. Gut 2013, 62, 985–994, doi:10.1136/gutjnl-2011-301213.

38. Liu, J.Z.; van Sommeren, S.; Huang, H.; Ng, S.C.; Alberts, R.; Takahashi, A.; Ripke, S.; Lee, J.C.; Jostins, L.; Shah, T.;
et al. Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight shared genetic
risk across populations. Nat. Genet. 2015, 47, 979–986, doi:10.1038/ng.3359.

39. Kennedy, P.J.; Cryan, J.F.; Dinan, T.G.; Clarke, G. Irritable bowel syndrome: A microbiome-gut-brain axis disorder?
World J. Gastroenterol. 2014, 20, 14105–14125, doi:10.3748/wjg.v20.i39.14105.

40. Fichna, J.; Storr, M.A. Brain-gut interactions in IBS. Front Pharmacol 2012, 3, 127, doi:10.3389/fphar.2012.00127.

41. Spiller, R.C.; Humes, D.J.; Campbell, E.; Hastings, M.; Neal, K.R.; Dukes, G.E.; Whorwell, P.J. The Patient Health
Question-naire 12 Somatic Symptom scale as a predictor of symptom severity and consulting behaviour in patients with
irritable bowel syndrome and symptomatic diverticular disease. Aliment. Pharmacol. Ther. 2010, 32, 811–820,
doi:10.1111/j.1365-2036.2010.04402.x.



42. Koloski, N.A.; Jones, M.; Kalantar, J.; Weltman, M.; Zaguirre, J.; Talley, N.J. The brain–gut pathway in functional
gastroin-testinal disorders is bidirectional: A 12 year prospective population-based study. Gut 2012, 61, 1284–1290,
doi:10.1136/gutjnl-2011-300474.

43. Nicholl, B.I.; Halder, S.L.; Macfarlane, G.J.; Thompson, D.G.; O’Brien, S.; Musleh, M.; McBeth, J. Psychosocial risk
markers for new onset irritable bowel syndrome—Results of a large prospective population-based study. Pain 2008,
137, 147–155, doi:10.1016/j.pain.2007.08.029.

44. Barreau, F.; Salvador-Cartier, C.; Houdeau, E.; Bueno, L.; Fioramonti, J. Long term alterations of colonic nerve mast
cell interactions induced by neonatal maternal deprivation in rats. Gut 2008, 57, 582–590,
doi:10.1136/gut.2007.126680.

45. Vicario, M.; Alonso, C.; Guilarte, M.; Serra, J.; Martínez, C.; González-Castro, A.M.; Lobo, B.; Antolín, M.; Andreu, A.L.;
Gar-cía-Arumí, E.; et al. Chronic psychosocial stress induces reversible mitochondrial damage and corticotropin-
releasing factor receptor type 1 upregulation in the rat intestine and IBS-like gut dysfunction.
Psychoneuroendocrinology 2012, 37, 65–77, doi:10.1016/j.psyneuen.2011.05.005.

46. Bernstein, C.N. New insights into IBD epidemiology: Are there any lessons for treatment? Dig. Dis. 2010, 28, 406–410,
doi:10.1159/000320394.

47. Levenstein, S.; Prantera, C.; Varvo, V.; Scribano, M.L.; Andreoli, A.; Luzi, C.; Arcà, M.; Berto, E.; Milite, G.;
Marcheggiano, A. Stress and exacerbation in ulcerative colitis: A prospective study of patients enrolled in remission.
Am. J. Gastroenterol. 2000, 95, 1213–1220, doi:10.1111/j.1572-0241.2000.02012.x.

48. Brydon, L.; Edwards, S.; Jia, H.; Mohamed-Ali, V.; Zachary, I.; Martin, J.F.; Steptoe, A. Psychological stress activates
inter-leukin 1β gene expression in human mononuclear cells. Brain Behav. Immun. 2005, 19, 540–546,
doi:10.1016/j.bbi.2004.12.003.

49. Maes, M.; Song, C.; Lin, A.; De Jongh, R.; Van Gastel, A.; Kenis, G.; Bosmans, E.; De Meester, I.; Benoy, I.; Neels, H.
The ef-fects of psychological stress on humans: Increased production of pro-inflammatory cytokines and a TH1 like
response in stress-induced anxiety. Cytokine 1998, 10, 313–318, doi:10.1006/cyto.1997.0290.

50. Lennon, E.M. ; Maharshak, N. ; Elloumi, H. ; Borst, L. ; Plevy, S.E. ; Moeser, A.J. Early life stress triggers persistent
colonic barrier dysfunction and exacerbates colitis in adult IL 10−/− mice. Inflamm. Bowel Dis. 2013, 19, 712–719,
doi:10.1097/MIB.0b013e3182802a4e.

51. Berens, S.; Schaefert, R.; Baumeister, D.; Gauss, A.; Eich, W.; Tesarz, J. Does symptom activity explain psychological
differ-ences in patients with irritable bowel syndrome and inflammatory bowel disease? Results from a multi-center
cross-sectional study. J. Psychosom. Res. 2019, 126, 109836, doi:10.1016/j.jpsychores.2019.109836.

52. Boye, B.; Lundin, K.E.; Jantschek, G.; Leganger, S.; Mokleby, K.; Tangen, T.; Jantschek, I.; Pripp, A.H.; Wojniusz, S.;
Dahl-stroem, A.; et al. INSPIRE study: Does stress management improve the course of inflammatory bowel disease
and dis-ease-specific quality of life in distressed patients with ulcerative colitis or crohn’s disease? A randomized
controlled trial. Inflamm. Bowel Dis. 2011, 17, 1863–1873, doi:10.1002/ibd.21575.

53. Taylor, C.T.; Keely, S.J. The autonomic nervous system and inflammatory bowel disease. Auton. Neurosci. 2007, 133,
104–114, doi:10.1016/j.autneu.2006.11.005.

54. Lacy, B.E. IBS and Autonomic Nervous System Responses to Pain J. Clin. Gastroenterol. 2006, 40, 767–768,
doi:10.1097/01.mcg.0000225547.41998.24.

55. Barbara, G.; De Giorgio, R.; Stanghellini, V.; Cremon, C.; Corinaldesi, R. A role for inflammation in irritable bowel syn-
drome? Gut 2002, 51 (Suppl. 1), 41–44, doi:10.1136/gut.51.suppl_1.i41.

56. Salvioli, B.; Pellegatta, G.; Malacarne, M.; Pace, F.; Malesci, A.; Pagani, M.; Lucini, D. Autonomic nervous system
dysregula-tion in irritable bowel syndrome Neurogastroenterol. Motil. 2015, 27, 423–430 doi:10.1111/nmo.12512.

57. Akbar, A.; Yiangou, Y.; Facer, P.; Walters, J.R.; Anand, P.; Ghosh, S. Increased capsaicin receptor TRPV1 expressing
sensory fibres in irritable bowel syndrome and their correlation with abdominal pain. Gut 2008, 57, 923–929,
doi:10.1136/gut.2007.138982.

58. Keränen, U.; Kiviluoto, T.; Järvinen, H.; Bäck, N.; Kivilaakso, E.; Soinila, S. Changes in substance P immunoreactive
inner-vation of human colon associated with ulcerative colitis. Dig. Dis. Sci. 1995, 40, 2250–2258,
doi:10.1007/BF02209015.

59. Watanabe, T.; Kubota, Y.; Muto, T. Substance P containing nerve fibers in ulcerative colitis. Int. J. Colorectal Dis. 1998,
13, 61–67, doi:10.1007/s003840050136.

60. Akbar, A.; Yiangou, Y.; Facer, P.; Brydon, W.G.; Walters, J.R.; Anand, P.; Ghosh, S. Expression of the TRPV1 receptor
differs in quiescent inflammatory bowel disease with or without abdominal pain. Gut 2010, 59, 767–774,
doi:10.1136/gut.2009.194449.



61. Akbar, A.; Yiangou, Y.; Facer, P.; Brydon, W.G.; Walters, J.R.; Anand, P.; Ghosh, S. Expression of the TRPV1 receptor
differs in quiescent inflammatory bowel disease with or without abdominal pain. Gut 2010, 59, 767–774,
doi:10.1136/gut.2009.194449.

Retrieved from https://encyclopedia.pub/entry/history/show/14886


