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Abstract

Microscopic colitis (MC) is a chronic inflammatory disease of the large intestine and as a relatively late recognized condition,
its relationship with other disorders of the gastrointestinal tract is gradually being understood and investigated. As a multi-
factorial disease, MC interacts with inflammatory bowel disease, celiac disease, and irritable bowel syndrome through ge-
netic overlap, immunological factors, and gut microflora. The risk of colorectal cancer was significantly lower in MC, gastro-
intestinal infections increased the risk of developing MC, and there was an inverse association between Helicobacter pylori
infection and MC. A variety of associations are found between MC and other gastrointestinal disorders, where aspects such
as genetic effects, resemblance of immunological profiles, and intestinal microecology are potential mechanisms behind
the relationships. Clinicians should be aware of these connections to achieve a better understanding and management of

MC.
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Introduction

Microscopic colitis (MC) is a chronic inflammatory disease of
the large intestine that primarily affects the elderly and has a
female predominance [1]. Persistent watery diarrhea is indi-
cated as the main manifestation and the disease can be recur-
rent in course [2, 3]. MC is characterized by a nearly normal
endoscopic appearance with microscopic abnormalities identi-
fied on histology—a feature that distinguishes it from classical
inflammatory bowel disease (IBD) [4]. Histologically, it com-
prises two main types: one with an increase in lymphocytes in
the sub-epithelial layer of the colon (>20 lymphocytes/100

colonic epithelial cells) without a thickened collagen lamina
termed lymphocytic colitis (LC), and the other type, collagenous
colitis (CC), which is presented as lymphocytosis with a collagen
band of >10 um.

Since MC was first described in 1982, the incidence and prev-
alence have been increasing overall, with recent epidemiologi-
cal studies showing that it has expanded many times compared
with the situation in around 2000 [5-8]. MC constitutes ~10%-
15% of the population suffering from chronic diarrhea and has
emerged as the leading cause of diarrhea in the elderly [9].
Aberrant response of the immune system to intestinal antigens
is the key pathogenic mechanism of MC and a host of immune-

Submitted: 24 November 2021; Revised: 26 January 2022; Accepted: 28 February 2022

© The Author(s) 2022. Published by Oxford University Press and Sixth Affiliated Hospital of Sun Yat-sen University
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-8640-0288
https://academic.oup.com/
https://academic.oup.com/

2 | Y.Liuand M. Chen

related diseases are associated with it, such as type 1 diabetes,
autoimmune thyroid disease, and other autoimmune disorders
[10]. In the context of the digestive system, MC is also com-
monly associated with immune disorders such as celiac disease
and IBD. Furthermore, MC is predisposed to developing in indi-
viduals with susceptibility genes that are shared with those im-
plicated in IBD [4]. Several intestinal infections are followed by
an increased risk of acquiring MC, putting this condition in con-
tact with a couple of specific infections [11-13]. The overlap be-
tween irritable bowel syndrome (IBS) and MC in terms of
symptoms and diagnostic methods also renders the two condi-
tions confusing [14]. This makes for a cross-linked relationship
between MC and these gastrointestinal disorders. Behind these
disease relationships lies the clinical aspect of management,
and the interaction between MC and them makes it more com-
plex and comprehensive in terms of management.

Here, we aim to clarify the interfaces between MC and other
digestive disorders, illustrate the mechanisms involved, and ex-
plore the impact on disease management. With the under-
standing of these aspects, we hope to offer a better insight into
MC as a disease group and provide clinical perspectives on the
precise location of MC in gastroenterology.

Method

The electronic databases PubMed and Embase were retrieved
manually to obtain relevant literature. The reference lists in the
majority of the included literature were also checked internally
to search for matches. Only publications in the English language
were included. There was no restriction on the year of publica-
tion for the documents. The databases were queried using a
combination of MeSH terms and entry terms, including
“microscopic colitis,” “lymphocytic colitis,” “collagenous col-
itis,” “colitis,” “inflammatory bowel disease,” “irritable bowel
syndrome,” “celiac disease, colon,” and “treatment.”
All included publications were critically reviewed. Endnote X9
software was used for literature management.

» o« » o«
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Possible proposed pathogenic mechanisms for
MC

An overview of the pathogenesis of MC

A recent systematic review provided a detailed summary of the
possible pathogenic mechanisms involved in MC [10]. Although
the etiology of MC remains unclear, an understanding of its
plausible pathogenesis may allow a rational explanation of the
link between MC and other digestive tract diseases. Therefore, a
thorough overview of the proposed possible etiopathogenic
mechanisms of MC is fundamental and crucial to facilitate un-
derstanding its interaction with related diseases. The pathogen-
esis of MC is summarized in Table 1.

Risk factors associated with MC

Also, environmental factors such as smoking [15] and alcohol
consumption [16], certain medications such as non-steroidal
anti-inflammatory drugs (NSAIDs) [17], statins [18], selective se-
rotonin reuptake inhibitors (SSRIs) [19], and proton-pump inhib-
itors (PPIs) [17, 20] have been shown to be associated with an
increased risk of MC. These risk factors may therefore act as a
contributing component in the pathogenesis of MC (Table 1).

The possible role of gastrointestinal infections

Intestinal microflora dysbiosis in MC is one of the possible path-
ogenic mechanisms and therefore infections of the gastrointes-
tinal tract, especially certain specific bacterial infections, could
potentially be associated with the risk of MC. A previous sys-
tematic review found that gastrointestinal infections were in-
volved in the risk of IBD, with several specific infections being
associated with an increased risk of IBD and Helicobacter pylori
infection reducing the risk of IBD [21]. There is supposedly also
a risk profile for MC as a possible attenuated form of IBD associ-
ated with gastrointestinal infections.

In a nationwide case-control study, gastrointestinal infec-
tions were significantly associated with an increased risk of MC,
with an adjusted odds ratio (OR) of 2.63 (95% confidence interval
[CI], 2.42-2.85) [11]. Several specific infections, Clostridium diffi-
cile, norovirus, and Escherichia species, increased the odds of de-
veloping MC, whereas no association was found for Salmonella
species. The increased risk due to gastrointestinal infections
was higher in CC than in LC. Another cohort study demon-
strated a significantly elevated risk of MC following
Campylobacter concisus infection [12]. Several case series have
also reported new-onset MC following recurrent C. difficile infec-
tion [22-24]. An inverse association was found between H. pylori
infection and MC, similar to that in IBD [25, 26]. Differences in
the prevalence of H. pylori in distinct regions may provide an ex-
planation for the differing ethnic distribution of patients with
MC [25].

Infection of the gastrointestinal tract leads to further dysbio-
sis of the enteric flora in patients with MC, initiating associated
immune pathways and thus increasing the risk of MC. Specific
infections such as C. difficile infection and C. concisus infection
have a higher risk of developing MC, which seems to indicate
that these bacteria have a more sustained pro-inflammatory ef-
fect [11, 12]. Campylobacter concisus has also been found to be as-
sociated with intestinal epithelial sodium channel dysfunction
and claudin-8-dependent gut barrier dysfunction—a dysregula-
tion that leads to a translocation of the intestinal flora, making
it even further dysregulated [27]. Alternatively, gastrointestinal
infections may have activated immune pathways in MC by al-
tering the intestinal microenvironment, since CC, a subtype in
which more immune mechanisms are involved [28], is more
strongly implicated in infections of the gastrointestinal tract.

Apart from epidemiological evidence, the protective effect of
H. pylori infection on MC remains largely unknown at present.
However, as a similar inverse association has been found in
IBD, it is possible to speculate that the mechanisms involved
may be consistent. In mouse models of experimental colitis, H.
pylori exposure exhibits a blocking or mitigating effect on colitis
[29]. In this context, the NLRP3 inflammasome and interferon-
18 (IL-18) are involved in the protective mechanism of H. pylori.
Meanwhile, helper T-cell (Th), Th17/Th1-related cytokines were
found to be downregulated while cytokines secreted by Th2
were upregulated [30-32]. This suppression of pro-
inflammatory cytokines is likely to be implicated in the protec-
tive mechanism [33]. This evidence suggests that H. pylori may
reduce the inflammation of IBD through immunomodulatory
effects. Interestingly, not all strains of H. pylori exhibit this ef-
fect. The specific component of H. pylori, CagA, may be an inte-
gral component of the protective mechanism. In patients with
IBD who were seronegative for CagA, no significant protective
effect was demonstrated [34].

Another plausible cause of this inverse relationship may be
the “hygiene hypothesis.” This hypothesis was originally
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proposed by Strachan [35], who found that early sibling infec-
tions were associated with a decrease in future autoimmune
diseases or allergies. Based on this hypothesis, some of the in-
fectious agents that grow with us may be able to prevent the de-
velopment of a range of immune-related diseases [36]. The
clearance of H. pylori has been shown to lead to a disturbance of
the intestinal flora of the colon [37]. A study showing the thera-
peutic effect of Schistosoma mansoni and Ancylostoma caninum
soluble proteins on experimental colitis sidesteps this hypothe-
sis [38]. Thus, the inverse association observed between H. pylori
infection and MC may be attributed to that H. pylori acts as a
surrogate marker of a commensal flora that reduces the occur-
rence of MC. However, no studies on MC are currently available
and further validation of this hypothesis is needed in the future
(Table 1).

Similarities and differences in the genetic
susceptibility and immunology of LC and CC

Although CC and LC are covered under the umbrella term MC
and are similar in many aspects such as clinical presentation
and prognosis, there are still some essential differences and
hence the two diseases should be perceived as separate entities.
They are distinguished by histological findings in pathological
biopsies, and otherwise have marked distinctions at the level of
immunology and susceptibility genes [10, 28, 39-43]. These mo-
lecular and cellular aspects may have contributed to their dis-
similar relationship with other gastrointestinal diseases.
Understanding these distinctions is consequently mandatory to
appreciate the differences that may arise between CC and LC in
this interaction. The similarities and differences in immunology
and genetic susceptibility between them are synthesized in
Table 2.

The interrelationship between MC and IBD
New onset of IBD after MC diagnosis

Status summary of the MC-to-IBD transition

When a diagnosis of either LC or CC is established, a small pro-
portion of patients may subsequently develop IBD, irrespective
of whether it presents as Crohn’s disease (CD) or ulcerative coli-
tis (UC). However, the overwhelming majority of these reports
are case reports or case series, with three of them reporting the
transformations of CC to UC [44—46], four reporting the transfor-
mations of CC to CD [47-50], and one reporting the transforma-
tion of LC to UC [49]. Apart from these scattered cases, only a
single recent cohort study [4] and a recent case-control study
[51] have examined this conversion relationship. The cohort
study was conducted as a nationwide prospective study in
which researchers included 13,957 patients with MC and found
a remarkable association of MC with IBD, with an adjusted haz-
ard ratio of 12.6 (95% CI, 8.8-18.1) for CD, 17.3 (95% CI, 13.7-21.8)
for UC, and 16.8 (95% CI, 13.9-20.3) for IBD, and when comparing
patients with MC with their non-affected siblings, they were
still at significant risk of developing IBD. Another nationwide
case-control study that included 15,597 patients with MC ex-
plored the relationship between 16 autoimmune diseases and
MC, and found a significant association with MC and UC as well
as CD, along with a higher risk of UC. Another study examining
the link between MC and IBD based on clinical and pathological
features revealed that the interval required for progression
from CC or LC to IBD was relatively short, with an average of
14 months [52]. In this direction of disease evolution, the mean

age of new-onset IBD patients is 66.5years, which is inconsis-
tent with the usual age of onset of IBD. These findings may sug-
gest that MC may be the initial manifestation in a proportion of
older patients with IBD, as an attenuated form of IBD undergo-
ing transition and transformation.

Possible mechanisms involved in the MC-to-IBD conversion

Genetic overlap. In the genome-wide association study (GWAS)
carried out in UK Biobank [53], the researchers used single nu-
cleotide polymorphisms (SNPs) to calculate genetic risk scores
(GRS) for IBD and its two phenotypes, CD and UC, to investigate
the possible genetically related overlap between MC and IBD,
and to compare their mean GRS to MC and controls without any
related disease, respectively, comparisons. The results pre-
sented using the OR and 95% CI found genetic overlap between
MC and both CD (P =0.035) and IBD (P =0.019) but failed to find a
statistically significant higher genetic risk in UC (P=0.261). A
further genetic association study yielded 15 pleiotropic signals
and these results identified a common genetic link between CC
and IBD and celiac disease [54]. Similarly, another systematic
gene discovery study also documented the genetic overlap be-
tween CC and IBD and its two subtypes, and suggested that
there may be shared genetic risk loci between CC and IBD,
rather than resemblance in the human leukocyte antigen (HLA)
region [55]. The above genetic correlation studies provide a sci-
entific basis for possible mechanisms of interaction between
MC and IBD at the level of genetic susceptibility (Table 3).

Involvement of immunological profiles. Within the immunological
landscape of MC (both CC and LC), two main types of T-cells are
involved. One type is the regulatory T-lymphocytes (Treg),
which control the immune responsiveness of the body (also
called suppressor T-lymphocytes). In the intestinal mucosa of
CC and LC, both CD4+CD25+FOXP3+ Treg and non-Treg and
CD4-+CD25-FOXP3+ T-cells are shown to be upregulated and the
latter has also been shown to be associated with both regulatory
and immunosuppressive effects [39]. Treg-secreted IL-10,
known for its function in triggering immunosuppression, is also
increased in expression in patients with CC and LC [39]. The sec-
ond group of T-cells, Th1l and Th17 lymphocytes, are also in-
volved in the immune response as helper T-cells. Th1 secretes
mainly interferon-y (IFN-y) and tumor necrosis factor-o (TNF-a),
whereas Th-17 secretes primarily IL-21, IL-22, and IL-17-A. Both
cytokines have a role in promoting inflammation and their in-
crement reflects the clinical activity and severity of inflamma-
tion [40]. In both CC and LC, mRNA levels of cytokines increased
by flow cytometry, while no elevation of Th1 or Th17 at the cel-
lular level or protein level was found [39].

A 14-year study including 2,324 patients with MC identified
20 cases of conversion to IBD [56]. Comparing the immunologi-
cal profiles of 13 “IBD transformers” with 22 MC regressions,
researchers noticed that IFN-y, TNF-o, and the specific tran-
scription factor T-bet for Th1l were increased in the transform-
ers. Notably, these immune-related factors were all associated
with Thil. This intriguing result indicates that in some sub-
groups of patients with MC, there is a spread of their pre-exist-
ing inflammation. One possible explanation is that in this
subgroup, the anti-inflammatory effect of IL-10 fails, thus allow-
ing Thl to deregulate and thereby proliferate, secreting more
pro-inflammatory factors, and leading to increased inflamma-
tion with consequent disease transformation [57].

Disturbed intestinal microflora. Substantial alterations in the com-
position and function of the gut microbiota have been found in
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both MC and IBD, and this microbiota disruption affects the re-
spective pathophysiological courses of both diseases and is in-
volved in the pathogenesis underlying each [58-60].

In fecal samples from patients with active MC, there was a
significant decrease in biodiversity, known as alpha diversity
[61]. This decrease in species richness of microorganisms was
also found in patients with IBD [62] and was more prominent in
patients with CD [63]. Another study comparing the microbiota
of stool samples from patients with CC and IBD using Taxa-
specific analysis revealed a decrease in the abundance of 10 op-
erational taxonomic units regarding the Ruminococcaceae family
in patients with active CC or on continuous corticosteroid treat-
ment [64]. Nine of these species were also observed in patients
with CD and four had a consistent decrease in abundance in
patients with UC (Figure 1).

New-onset MC after IBD diagnosis

Status summary of IBD-to-MC transition

A fair number of case reports or case series have reported that a
small proportion of patients with IBD, including CD and UC,
converted to CC or LC after treatment [49, 50, 65-70]. In fact,
patients with IBD often experience symptoms such as diarrhea
during the remission period after drug maintenance therapy,
which may be confused with a relapse of IBD [65]. A retrospec-
tive observational study reported a possible shift to MC in 2.6%
of patients with IBD [50]. Transformation is typically temporary
and can be clinically dissipated by treating MC. In contrast to
the disease transition from MC to IBD, it usually takes >10years
from the diagnosis of IBD to the detection of new-onset MC, and
the average age of MC patients is usually younger [52]. This
trend seems to suggest that new-onset MC patients are a con-
tinuation of IBD in the quiescent phase.

Risk factors and possible mechanisms

Proposed risk factors for the emergence of emerging MC may be
medication use and infections [65]. In some case reports, a pro-
portion of patients have used drugs that can be linked to the de-
velopment of MC, such as NSAIDs, PPIs, and statins, and one
case report even described a case of new-onset MC following
high-dose chemotherapy drugs and autologous stem cell trans-
plantation [71]. However, not all patients have a history of tak-
ing the relevant risk medication and a case series did not find
an association between drug use and new-onset MC [67]. A sec-
ond potential cause relates to infection, particularly C. difficile
infection. Some patients have been reported to present with MC
after refractory C. difficile infection [65], one of whom was
treated with fecal microbial transplantation after C. difficile in-
fection and eventually identified the presence of MC [69].

Little is known about the mechanisms underlying the onset
of MC in patients with IBD in remission. The coexistence of
some autoimmune diseases such as autoimmune thyroid dis-
ease and diabetes mellitus in some patients prior to the onset of
MC seems to point to the presence of an inappropriate immune
response in some affected individuals [67, 72]. During the remis-
sion period of IBD, the intestinal mucosa is in a healing state
and certain risk factors such as drug use and infections may
lead to an aberrant response of the intestinal mucosa to these
factors, and this imbalance between the immune response and
mucosal repair could be responsible for the development of MC
(Figure 1).

Management aspects in interaction with IBD

Clinicians should investigate the possibility of IBD when a pa-
tient with confirmed MC has not improved over a relatively long
duration after standard treatment or has demonstrated more
frequent inflammatory activity. This condition may involve
very extensive lesions in some patients and therefore sufficient
regard should be given to this unusual presentation [45, 67].
Furthermore, incidental detection of frequent episodes of wa-
tery diarrhea in patients with IBD in remission after decades
with possible risk medications or co-infection requires vigilance
for new onset of MC. Meanwhile, the suspicion of a new devel-
opment should be confirmed by endoscopic observation and
multiple biopsies.

Relationship between MC and other
lymphocytic disorders of the gastrointestinal
tract

Summary of the association of MC with other
lymphocytic disorders of the gastrointestinal tract

About 14% of patients with MC are affected by other concurrent
gastrointestinal lymphocytic disorders, including celiac disease,
duodenal intraepithelial lymphocytosis (DIL), lymphocytic gas-
tritis (LyG), and lymphocytic esophagitis (LyE) [73]. Coeliac dis-
ease is the most common concomitant autoimmune disorder in
patients with MC [74] and there is an equally bidirectional rela-
tionship that can be established between the two entities. The
latest case-control study revealed a >10-fold risk of celiac dis-
ease in patients with MC compared with the general population
(OR=10.15; 95% CI, 8.20-12.6) [51]. The conclusion is similar to
those of other population-based and epidemiological studies
[73, 75-78]. A meta-analysis summarized the prevalence of each
of these two diseases in refractory cases [79]. In patients with
refractory coeliac disease, the prevalence of MC was 4.5% and
similarly in patients with refractory MC, the prevalence of coe-
liac disease was 6.7%. These results indicate an overlap of the
two diseases. In patients with coeliac disease complicating MC,
the individuals are usually more elderly and exhibiting signifi-
cantly more duodenal mucosal atrophy [75] whereby in patients
with MC presenting with concomitant coeliac disease, the
patients are younger than in those without co-morbidity [73].
LyG is a histopathological pattern characterized by lymphocyto-
sis within gastric epithelium [80]. Whereas it is not a specific
disease group, it is usually seen in coincidence with other lym-
phocytic disorders and is closely associated with MC [73, 81]. A
cross-sectional study including 3,038 patients with LyG reported
that 19% of patients can develop MC as a co-morbidity [82]. DIL
is the most common lymphocytic disorder of the gastrointesti-
nal tract. Although only a small proportion of patients with DIL
may co-morbidly develop MC, pathological evidence has sug-
gested that it may manifest in <8% of those with MC [73].

Possible shared etiological linkages

Shared genetic effects

Celiac disease is associated with genotypes such as HLA-DQ2
and DQ-8 (mainly HLA-DQ2) [83, 84]. In one study, the authors
found an increase in both HLA-DQ2 and DQ-8 in celiac disease
and MC compared with normal controls [85]. Another study
employing polymerase chain reaction amplification using
sequence-specific primers (PCR-SSP) found an increase in HLA-
DQ2 in LC compared with controls, but not in CC [86]. Further
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confirmation of the overlap between the two diseases at the ge-
netic level was provided by a recent study that identified 15
polygenic pleiotropic associations (using SNPs) for CC, UC, CD,
and celiac disease [54]. These have demonstrated that celiac
disease and MC do present a joint genetic risk. The shared im-
munogenic molecules allow a possible link between the two eti-
ologically (Table 3).

Resembling mucosal immunological profiles

Celiac disease is a T-cell-mediated immune disorder mainly in-
duced by gluten [87]. As a multifactorial disease, immune-
related factors are central to the pathogenesis. In terms of
immunopathogenesis, exposure to dietary antigens is pre-
sented to T-cells by the antigen-presenting cells (APCs) of the
body, which induce intraepithelial cytotoxic CD8+ 3§, ap T-cells
to migrate to the targeted locations resulting in inflammation
and injury [88, 89]. Another essential component is the involve-
ment of helper T-cells in the lamina propria, mainly Th1, Th17,
and regulatory T-cells, which differentiate and respectively pro-
duce cytokines to mediate inflammation via engagement with
the APC [90-92]. Previously referred to as an increase in the im-
munological profile of the Thl-associated cytokine IFN-y in
patients with MC, similar alterations were demonstrated in ce-
liac disease [93]. Also, E-cadherin was found to be significantly
reduced around inflammation in celiac disease [94], which was
paralleled by MC [93]. This resemblance in mucosal cytokines
may explain the possible common pathophysiological mecha-
nisms that both share in lymphocytic disorders.

Impact on clinical management decisions

In some patients with MC coupled with coeliac disease, a
gluten-free diet may be able to mitigate disease progression and
decrease medication for MC [95]. Coeliac disease and MC share
numerous clinical manifestations, with diarrhea being the pre-
dominant symptom. The diagnosis of coeliac disease in most
patients with MC is likely to be due to a lack of response to med-
ication or the presence of persistent diarrhea and the suspicion
of other conditions, and vice versa in patients with coeliac dis-
ease [75]. Therefore, special attention needs to be drawn to pos-
sible complications in these populations. A bidirectional
approach to endoscopy is also required in refractory cases when
necessary to establish the diagnosis to help avoid a missed pre-
sentation. Notably, in patients with MC, intraepithelial lympho-
cytosis of the duodenum is occasionally observed, which may
be analogous to the presentation of celiac disease [96]. Similarly
in patients with celiac disease, intraepithelial lymphomatosis of
the colon may also be expected in the absence of LC [97]. These
highlight the relevance of random biopsy and meticulous
monitoring.

Overlap of MC and IBS

Irritable bowel syndrome-like symptoms in patients
with MC

IBS is the most common form of functional gastrointestinal dis-
order (FBD) with abdominal pain and altered bowel habits as
the main clinical manifestations [98, 99]. It is characterized by
the absence of any abnormalities on clinical examination and
the current diagnostic criteria are the Rome IV criteria [100]. IBS
can be divided into diarrhea-predominant IBS (IBS-D),
constipation-predominant IBS (IBS-C), and IBS-mixed (IBS-M) on
the basis of the number of days on which the predominant

bowel habit is present in the abnormal stool pattern [101]. IBS-D
presents clinically with prolonged recurrent abdominal pain
and diarrhea, and similarly MC has diarrhea as the main symp-
tom, and some patients also have abdominal pain.

There is a significant overlap regarding symptoms between
the two. As the diagnosis of a patient with IBS requires the ex-
clusion of the presence of organic gastrointestinal disease, the
condition seen in MC should be referred to as IBS-like symp-
toms. IBS-like symptoms are not uncommon in patients with
MC. Many studies have reported the prevalence of symptoms
that meet the diagnostic criteria for IBS in patients with MC
[102-106] whereas the prevalence varies between studies; two
systematic reviews and meta-analyses have concluded that
IBS-compatible symptoms are found in approximately one-
third of patients with MC [14, 107]. Besides the typical abdomi-
nal pain and diarrhea, these symptoms include psychological
abnormalities such as anxiety and depression [103, 108].
Compared with those without IBS-like symptoms, the quality of
life of this group is more compromised and the gastrointestinal
symptoms are more frequent and severe in individuals with MC
[108-111]. These patients are also younger and more likely to be
female [104]. Smoking may contribute to the increased risk of
developing IBS-like symptoms [112].

Detection of MC in patients with IBS

A proportion of patients with confirmed IBS are found to have
pathological MC on screening colonoscopy and biopsy [113-
118]. The prevalence of MC in FBD is at ~7%, while in IBS-D, MC
can be detected at 9.8% [14]. IBS-D is the type of IBS in which MC
is most frequently detected, while IBS-C is rarely found [119,
120]. MC were typically detected predominantly in older women
[119]. This possible overlap has also appeared to be controver-
sial, with one meta-analysis showing that the OR of MC in
patients with IBS did not reach statistical significance when
compared with other patients with diarrhea [107]. However, as
there are so few relevant available studies, this relationship
may require more consideration. An evidence-based research
has shown that the characteristics of individuals including be-
ing >50years old, nocturnal stools, weight loss, duration of diar-
rhea for <12 months, and medication use are associated with
increased risk of MC, and that comorbid immune disorders are
also a risk factor for MC [121]. The prevalence of organic gastro-
intestinal disease is higher when alert symptoms are present in
IBS than in its absence, but organic gastrointestinal disease may
still be found in one in six patients in the population without
alert features [122]. Strikingly, one-third of patients with IBS
may have delayed treatment due to misdiagnosis [105] and it is
estimated that 25% of patients with MC fail to receive timely bi-
opsies in the IBS population [120].

Management implications regarding the diagnostic
overlap of MC and IBS

Management of IBS-like symptoms in MC patients is a critical
issue given that one-third of MC patients develop IBS-like
symptoms. Anxiety and depression as psychological disorders
impair the quality of life of patients with MC and therefore the
administration of psychological medications such as 5-hy-
droxytryptamine reuptake inhibitors may improve the progno-
sis of MC patients and reduce the burden of the disease. This
overlap in symptoms can have a noticeable impact on the
treatment of MC [103].
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The detection of possible MC in patients with IBS, especially
in patients with IBS-D, is paramount as it may prevent incorrect
medication use and the progression of MC leading to a reduced
quality of life for the patient [123]. Concerning the necessity for
colonoscopy and tissue biopsy in patients with IBS because of a
suspected diagnosis of MC is an issue worth noting and weigh-
ing up. On the one hand, excessive invasive testing would in-
crease potentially unnecessary costs and lead to a psychological
burden on the patient and reinforcement of the associated
symptoms [14]. Hence, the diagnosis of IBS is still largely based
on clinical data and simple diagnostic techniques, and colonos-
copy is only performed if suspicious symptoms of organic dis-
eases are present. On the other hand, possibly under-diagnosed
MC can delay treatment because a definitive diagnosis is not
carried out. As the prevalence of MC is not higher in patients
with IBS than that in other diarrheal populations, it seems justi-
fied to assume that routine colonoscopy is not necessary [107].
Colonoscopy and biopsy to rule out and diagnose possible MC
are indicated in patients with IBS when factors that may sug-
gest an increased risk of MC are identified. Persistent diarrhea
in older women, for example, warrants prompt colonoscopy as
well as biopsy to confirm the presence of MC. The clinical back-
ground and demographic characteristics of the patient may also
reduce the incidence of misdiagnosis in patients with IBS [124].
Several biomarkers including NGAL/LCN2 [125] and fecal calpro-
tectin [126] may also play a role in the differential diagnosis of
IBS and MC. However, the discriminatory value of these markers
is questionable and fecal calprotectin was not associated with
IBS-like symptoms in a cross-sectional study conducted by
Pagoldh et al. [102]. Finally, both IBS and MC patients can be trig-
gered by infection. Post-infectious IBS can occur in >10% of
patients following infectious enterocolitis [127] and gastrointes-
tinal infections are also a possible causative factor for MC.
Therefore, MC detected in patients with IBS or IBS-like symp-
toms presented in patients with MC can be triggered by infec-
tion and this possibility needs to be clarified in clinical practice.

Association of MC and colorectal neoplasia

Possible reduced risk of colorectal cancer and
precancerous conditions

The relationship between MC as a chronic inflammatory dis-
ease of the intestine and colorectal cancer (CRC) and precancer-
ous lesions has been investigated (Table 4). Other intestinal
chronic inflammatory diseases such as IBD [128-130] and celiac
disease [131, 132] have been shown to increase the risk of CRC,
although the risk of CRC in coeliac disease appears to be dis-
puted [133, 134]. Paradoxically, the prevalence of CRC and its
precancerous lesions may not only not increase in patients with
MC [106, 135-137] but has been demonstrated in a notable num-
ber of studies to reduce the risk of CRC [138-144], which is a
noteworthy protective effect. Cancer-related deaths were also
lower in patients with MC than in matched controls [145].

Possible factors and mechanisms explaining the
protective effect

First, as the diagnosis of MC requires colonoscopy, the in-
creased activity in the utilization of colonoscopy may result in
an improved detection rate of early lesions in CRC, which is a
protective effect from colonoscopy [146]. Second, medications
such as NSAIDs and statins that may be prescribed in patients
with MC have a preventive effect on the development of CRC

[147, 148]. In addition, body mass index (BMI) is relatively low
in patients with MC and high BMI is positively associated with
the development of CRC, thus lowering the risk of CRC [139].
Furthermore, the increased intestinal intraepithelial lympho-
cytes of the MC enhance immune surveillance and thus reduce
the prevalence of CRC. This form of immune surveillance is
primarily engaged by T-lymphocytes in the epithelium; when
carcinogenic antigens are present in the gut, it first activates
the NKG2d receptor on natural killer cells, which in turn can
activate yd T-cells to kill cells in the presence of DNA damage
and stress [142]. Such T-cells are essential for the clearance of
mutant and abnormal cells [138]. The absence of y& T-cells
leaves the mice model vulnerable to epithelial tumors, sug-
gesting a protective role for the T-cells in immune surveillance
[149]. Finally, a comparable process of carcinogenesis may not
have been present in MC as in IBD. NF-«B, a transcription factor
for inducible nitric oxide synthase (iNOS), may mediate the
mucosal damage caused by colonic inflammation. Over-
activation is found in both MC and IBD, whereas in MC it is
confined to the intestinal epithelium and in UC it spreads to
macrophages in the lamina propria [150]. This indicates that
chronic inflammation in MC is not as severe as in IBD and may
not lead to epithelial damage and dysfunction [138]. Chronic
inflammation can be responsible for cancer development
through DNA damage but the severity of inflammation in MC,
which is not as significant as in IBD, probably does not activate
the relevant carcinogenic pathways [135, 151].

Conclusions

As a relatively recently understood immune-mediated chronic
inflammatory disease of the large intestine, MC is associated
with several gastrointestinal disorders. MC may interact with
classical IBD as an attenuated form of IBD and the two may be
convertible. Genetic, immunological, and gut microbiological
factors may be involved in this process. Both MC and celiac dis-
ease, as lymphocytic disorders, can occur in conjunction with
each other. Clinical misdiagnosis is possible between MC and
IBS due to the similarity of symptoms and diagnostic overlap.
MC is likely to be detected in patients with IBS and should be
ruled out by colonoscopy and biopsy when suspicious symp-
toms point to MC, and IBS-like symptoms in patients with MC
should be addressed to improve their quality of life. Patients
with MC have a reduced risk of CRC and colonic adenoma, and
screening for CRC in individuals with MC is therefore not re-
quired. Gastrointestinal infections and increased risk of MC are
associated. Clostridium difficile and C. concisus infections signifi-
cantly increase the risk of MC, whereas H. pylori demonstrates
an inverse relationship.
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