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Abstract: Irritable bowel syndrome with predominant diarrhea (IBS-D) and functional diarrhea (FD)
are disorders of gut-brain interaction characterized by recurring symptoms which have a serious
impact on the patient’s quality of life. Their pathophysiology is far from being completely understood.
In IBS-D growing evidence suggests that bile acid malabsorption (BAM) could be present in up to
30% of patients. Microscopic colitis (MC) is a well-known cause of watery diarrhea and some patients,
at first, can be diagnosed as IBS-D or FD. Both BAM and MC are often responsible for the lack of
response to conventional treatments in patients labelled as “refractory”. Moreover, because BAM
and MC are not mutually exclusive, and can be found in the same patient, they should always be
considered in the diagnostic workout when a specific treatment for BAM or MC is unsatisfactory.
In the present review the possible shared pathogenetic mechanisms between BAM and MC are
discussed highlighting how MC can induce a secondary BAM. Moreover, a brief overview of the
current literature regarding the prevalence of their association is provided.

Keywords: irritable bowel syndrome; microscopic colitis; bile acid malabsorption; diarrhea; BAM;
IBS; functional disorder

1. Introduction

Irritable bowel syndrome with diarrhea (IBS-D) and functional diarrhea (FD) are the
two major disorders of gut-brain interaction characterized by watery diarrhea [1], with a
worldwide prevalence of 1.2% and 4.7%, respectively [2]. These two conditions, defined
and diagnosed by the Rome IV criteria [3], represent an important health issue due to
their high social costs, morbidity and possible association with other conditions, such
as other disorders of gut-brain interactions or psychological disorders (e.g., anxiety and
depression) [2,4—6]. The diagnostic workout of chronic diarrhea often may appear uncertain,
especially in the presence of refractory symptoms. Guidelines focus their attention on
the importance of making a positive diagnosis of these disorders, but in patients not
responding to conventional treatment (e.g., lifestyle changes, nutritional approaches and
pharmacological therapies [1,7]), in the absence of alarm symptoms, organic diseases must
be ruled out [1].

Some studies have estimated that up to one third of patients diagnosed as IBS-D
or FD may actually have a bile acid diarrhea (BAD), and that about 1% of the general
population suffers from bile acid malabsorption (BAM) [8,9]. Furthermore, microscopic
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colitis (MC), a condition clinically characterized by watery diarrhea, can be found in IBS-D
or FD suspected patients. MC can be classified, according to histopathological findings, in
two predominant forms [10]:

e Lymphocytic Colitis (LC), in the presence of an increased number of intraepithelial
lymphocytes (>20 per 100 surface epithelial cells) combined with an increased inflam-
matory infiltrate in the lamina propria and a not significantly thickened collagenous
band (<10 mm).

e Collagenous Colitis (CC), in the presence of a thickened subepithelial collagenous band
(>10 mm) combined with an increased inflammatory infiltrate in the lamina propria.

When the abovementioned histopathological diagnostic criteria are not fully matched,
it is also possible to identify an incomplete MC [10].

The overall prevalence of MC in the general population is 119/100,000 [11] and this
entity accounts for 13% of patients with chronic watery diarrhea. Interestingly, a recent
meta-analysis showed a prevalence of MC of 9.8% in IBS-D patients [12].

In patients meeting the criteria for IBS-D or FD not responding to conventional therapy,
all recent guidelines suggest that BAM should be ruled out through a positive diagnosis
with a SeHCAT (75-selenium homocholic acid taurine) test [13]. When SeHCAT is not
available, a serum 7«-hydroxy-4 cholesten-3-one (C4) assessment [14] or a serum fibroblast
growth factor 19 (FGF19) [14] or a dosage of 24-h fecal output of fecal bile acids may be
performed [15]. If these tests are not available, at least an empirical trial with cholestyramine
should be carried out [1].

The SeHCAT is a nuclear medicine test. Due to its high sensitivity and specificity,
it is considered the gold standard among all tests for diagnosing BAM [16]. It is simple,
fast, and well tolerated by patients. It requires two scans one week apart. It measures the
whole-body retention of a radiolabeled taurine-conjugated bile acid analogue (">Se) after
seven days; a retention value of <10-15% is usually considered diagnostic of BAM [16].

In refractory patients it is also mandatory to perform a colonoscopy with random
biopsies of the entire colon to rule out MC [12,17-19].

It should also be taken into account that BAM and MC may be associated, because
BAD has been reported to be present both in collagenous colitis (CC) (41%) and lymphocytic
colitis (LC) (29%) [12,17]. Likewise, a SeHCAT test should be considered in MC patients
unresponsive to conventional therapy with budesonide (e.g., 9 mg daily for 6 or 8 weeks) [10].

The aims of our narrative review are to elucidate the importance of the association
of MC and BAM in patients with chronic watery diarrhea (IBS-D or FD) and to explore
the possible shared pathophysiological mechanisms between these two conditions, on the
basis of the most recent literature.

2. Methods

In this narrative review we included studies regarding the presence of chronic watery
diarrhea in human adults. A comprehensive online search without temporal restriction of
PubMed (MEDLINE), Scopus, and the Science Citation Index was made using the following
terms and operators “Microscopic Colitis AND Bile Acid Malabsorption”. We included
only studies published in English and manual cross-referencing was performed.

We found 29 papers dealing with the coexistence of BAM and MC in patients with
chronic watery diarrhea. We included in this narrative review 13 clinical studies and 2 case
reports regarding the coexistence of BAM and MC (Table 1).
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Table 1. Studies evaluating the possible association between MC and BAM.

Type of Study Age and Gender Symptoms g:;\ina to Define Type of MC g’;;\/}aéence of BAM :?r isa(:::lztﬂ Response to Therapy ?ﬁsetr‘;lg)%y after
Response to a trial
with cholestyramine.
10 daily bowel After a week off No response to oral
movements cholestyramine sulfasalazine, mebeverine, Rectal biopsies taken
R . ’o SeHCAT test and metronidazole, or topical p R
ampton (UK, 1987) Case report 0 1d: F occasionally night h dani d NA 1/1 L id ticosteroids. R t after cholestyramine
[18] por years old; evacuation, showed an increase operamide corticosteroids. Response to intake for three months
predefecatory lower fractional turnover cholestyramine (4 g, 3 bowel were normal
abdominal pain rate over the movements/day of normal '
pain. gallbladder but a feces).
normal daily
absorptive efficiency.
Sulphasalazine
(108/163);
mesalazine (16/163);
olsalazine (15/163);
. SeHCAT test with a 10/26 CC that prednisolone
Bohr (Sweden, 1996 Retrospective l\{[gedg;n age 551d' retention <10% on responded to {)39({163)’.(1 2/163);
ohr (Sweden, ) observational (18-87) yearos o Chronic diarrhea day 7 was 163 CC cholestyramine had udesonide ( )i NA NA
[19] tud 142/163 (87%) E, nsidered brormal SeHCAT metronidazole
study 21/163 (13%) M considere abnormat 5e (44/163);
abnormal. test .
erythromycin
(15/163); penicillin
(8/163); mepacrine
(19/163); loperamide
(69/163)
4/27 (15%) non
responders to bile
acids sequestrants
were prescribed
sulphasalazine 1 g 2 - 24 patients were
SeHCAT test with a daily was prescribed plrrleslcntbed ne. 2 had
o retention <10% on Abnormal SeHCAT for 2 months. 1/27 cholestyramine, 2 ha
ggig (Sweden, 2000) I{inncionlt r(:llsd SN/‘;'S%g% (8M1 %) E, Chronic diarrhea day 7 was 27 CC test (<10%) in 12/27 (4%) non responder colestipol prescr'ibed.' NA
cimieal stucy ° considered (44%) of CC patients.  to sulphasalazine - Improvement with bile
abnormal. too, was prescribed acid sequestrants in

metronidazole 0.4 g
3 times daily for

2 weeks followed by
0.4 g 2 daily for

6 months

23/27 (85%) patients.
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Table 1. Cont.

Type of Study Age and Gender Symptoms Criteria to Define Type of MC g’;el\\//[zgence of BAM %sesa(:::lzt:i Response to Therapy ¥lisetr(;11(;$y after
19/22 (86%) of patients
with MC and BAM
responded to
cholestyramine with
B o decrease in daily stool
f)%/iltigis/ ) number (before - In patients with
wit% MCad therapy: 5 stools/day; CC and BAM,
EAM after: 1 stool/day; there was a
Chronic or - 7/26 (27%) ff’ < (l).OOOl'), increase in significant
ecal consistenc correlation
recurrent 1C5C 2a;1d60°/ (before ’cherapy:y 22 between the
watery /25 (60%) liquid/semiliquid; severity of BAM
dllarrhea of }Ecd(%;&OZS) after: 3 and ch number
atleast one a .. TS
month’s - Excluding 7 Before prescription }g_ﬁiés/ir:;ﬁ?;ﬁ;? of [EL
Median age duration. patients with  of cholestyramine: p <0.0005) and ’ g;c%gizl;tion
60.7 &+ 2.2,41/51 No SeHCAT test previous - 9 patients decrease of urgency with thickness
(80%) F, 10/51 s1gmf1cant ‘ with a cholecystec- were taking that disappeared in all of subepithelial
(20%) M for MC. differences in retention tomy (2 CC mesalazine 12 patients with this colla er}: layer
Median age fecal <11% on day and 5LC), (500 mg three symptom - Cég 'thy
Fernandez-Bafiares Uncontrolled 55.6 +3.2,3/26 frequency 7 26/51 (51%) CC 34% of MC times a day) Patients with CC ;;AM o
(Spain, 2001) [17] clinical study (12%) F, 23/26 and Values lower  25/51 (49%) LC had BAM: - 2patients required significantly betoeon th
(88%) M for CC. consistency, than 5% on 5/24 (21%) were taking higher doses of the ssv‘ggf r1of EAM
Median age and in day 7 were with CC and mesalazine drug than those with and thg number
651+ 27, 18/25 percentage of considered as 10/20 (50%) plus oral LC (median, 8 g/da F1EL in LC
(72%) ¥, 7/25 patients with severe BAM. with LC prednisone (1 vs. modion ,4 gg/ day)', o inLC.
(28%) M for LC urgency (p < 0.059) mg/kg/day) p< 0_0014)_’ Median After follow-up of 21.5
between . A higher, but time to achieve clinical ~ months 8/19 patients
mICroscopic npt . remission was five with MC and BAM
COll'tIS ) Slgmflcﬁmt/ days clinically responsive to
patients with proportion of Ali 19 patients on cholestyramine went to
or without patients with cholestyramine had no ~ colonoscopy with
BAM. severe BAM relapse of diarrhea biopsies. Histological
in CC th;an mn after a mean follow up ~ improvement was
LC (071~4 % Vs of 24.9 + 2.9 months observed in 3/8 LC.
33.3%; 7 patients stopped No patient with CC
p<0.17) cholestyramine after improved.
10.2 £ 2.5 months

without clinical relapse
in the following 6
months.
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Criteria to Define Prevalence of BAM Associated Histology after
Type of Study Age and Gender Symptoms BAM Type of MC in MC Treatments Response to Therapy Therapy
Cholecystectomy for
cholelithiasis. On the
third postoperative
day he had high Resbonse t S;oolrvoli\‘llnie anrfreqléle-ncy
Gurbuz (Turkey, Ie volume watery esponse o, progressively decreased;
ase report 44-yr-old; M . ) cholestyramine 12 LC 1/1 NA consistency improved. NA
2001) [21] diarrhea with loss of .
approximately g/die Symptoms relapsed after drug
500 mL/24 h and a withdrawal.
frequency of three
times per day
2/23 (9%) with LC
had abnormal
Abstract of SeHCAT (<10%).
grzl]g (Sweden, 2002) uncontrolled NA Chronic diarrhea SeHCAT <\=10% 23 LC lla\le 2;(211:1;(:30“ NA gé i?sfc?u/z)s:fasr}:; nded to bile NA
clinical study SeHCAT values and
the degree of colonic
inflammation
13/37 (35%) patients .
O /44 - 23patients (10
(18%) with LC were xix Eg)and 13
taking NSAIDs at - Cholestyramine, at a nderwent
diagnosis. 16% and y uncerwe
20% of patients with mean dose of § g/ day again colonic
C CU dp LC (range 2-12 g/day), biopsies after a
and o was more effective in median
Median age restpsctlve _y’ wereon LC than in CC follow-up of
57.0£2.3in CC, In 8/26 (31%) of zgnltsel’ziei:nts with (p <0.06). However, 24 months.
65.5 +2.3in LC Chronic or recurrent 37/81 (46%) atients wit; cC MC a.n d BAM who there wereno - 18/23 patients
Fernandez-Bafiares Uncontrolled Gender 5/37 (14%)  watery diarrhea of at ~ SeHCAT test <11% with CC pn din 16/26 (62%) failed dlfferences m patients were on
(Spain, 2003) [23] clinical study M and 32/37 least 1-month onday 7 44/81 (54%) a . At arle . with concomitant maintenance
o/ 11 ; . . . of patients with LC cholestyramine were BAM . bei
(86%) Fin CC; duration. with LC BAM di d d with , being as treatment (10
11/44 (25%) M was dlagnose ;;eeast;lazvi\gé effective in patients with
and 33/44 (75%) F Those failin with CC (75% cholestyramine,
ose fatling resolution of diarrhea) 8 with
mesalgzu}ehwere as in those with LC mesalazine,)
treated wit . (86% resolution of
prednisone, and in diarrhea) Histomorphological
the last years, Wlth improvement was
budesonide with observed in 12/23

controlled ileal
release.

patients in clinical
remission.
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Type of Study Age and Gender Symptoms g:;\ina to Define Type of MC g’;el\\/r[agence of BAM "?r isa(:::lzt!g Response to Therapy ?ﬁsetr‘;lg)%y after
Criteria for remission:
reduction of 25% of frequency,
or file data reporting excellent
or moderate response to
treatment
Of 74 h - Treatment with
o patients wit cholestyramine led to a
SeHCAT <15% SeHCAT <15%: i 70% of
was found in response in 70% o
74/133 (56%) Chronic diarrhea 12/74 (16%) type 1 patient
atients wit;I defined as change in BAM, 24 /74 (33%) - Best treatment
Wildt (Denmark, Uncontrolled Ehronic diarrhea: stool frequency SeHCAT test <15% NA type 2 BAM, 38/74 NA responses were seen in NA
2003) [24] clinical study 46/74 (62%) E ! and/or consistency on day 7 (51%) type 3 BAM 82% of patients with
28/74 (380/2) M for more than 9/2_3 (39%). of type 2 BAM versus
No data for MC 3 weeks patients with MC 65% in patients with
group showed SeHCAT types 1 and 3 BAM.
<15% Treatment response
was 74% in patients
with severe BAM vs.
65% in patients with
moderate and mild
BAM
Inltllf ipral\_téelntsd Three or more loose 34 patients: 8
Prospective :/iviarrhga me(;(x)l ayge stools daily and/or a LC,12CC. In
Miiller (?weden, observational was 46 (range §ubstant1a1 increase SeHCAT test <10% the Astudy' 14 8/34 (26%) NA NA NA
2004) [25] stud 16-84); 103,158 in stool frequency on day 7 eosinophilic
y (65%) E 55/158 and/or fluidity for colitis were also
A more than 4 weeks included
(35%) M
The median age in S After treatment with
the collagenous Before initiation of budesonide 9 me daily for
group was the treatment with 81\1/\/::;:5 mg diang75§eI¥IC(;\T
59 years (53 and budesonide there retention increased from 18%
70 years) and the was a wash out t0 35% (p < 0.001) (6 patients
gender period of at least (24% )ohzfd an abnorn}:al value
distribution was SeHCAT test <11% 2 weeks of initio Ity). The C4 val u
Bajor (Sweden, 2006) Uncontrolled 22/25 (88%) E, on day 7, C4 plasma antidiartheals and decriaze;:l signiﬁc‘;itlll;s(from
2 0, : H : o 3
126] dlinical study 3/25 (12%) M. Chronic diarrhea concentrations over 25CC 6/25 (24%) drugs with a 36t0 23 ng/mL, p = 0.04). The NA

The median age in
the control group
was 45 years (25
and 47.5) and the
gender
distribution was
21/29 (72%) F and
8/29 (28%) M

20 ng/mL were also
evaluated

potential effect on
BA metabolism,
including
corticosteroids.
These drugs were
not allowed during
the study period

29 healthy controls 755eHCAT
values were 38% (29% and
48%). The difference between
the collagenous colitis group
and healthy controls

(p < 0.0001) disappeared
during the treatment (p = 0.26)
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Type of Study Age and Gender Symptoms g:;\ina to Define Type of MC g’;;\/}aéence of BAM :?r isa(:::lztﬂ Response to Therapy ?ﬁsetr‘;lg)%y after
Efficacy of different therapies:
Concomitant Psyllium 3686 (42%) CC, 1440
therapies at (35%) LC, 715 (47%) MCi.
The median age diagnosis:NSAID Psyllium + Calcium 2050
was (years) 65 CC, use was 54/270 (40%) CC, 513 (38%) LC, 7715
63 LC, 62 MCi. (20%) in CC, 20/168 (47%) MCi
istribution was . . o) in i. , o ,
Biornbak (Denmark,  Retrospective 200/270 (74%) F m‘ﬂ‘h&’ﬁg]‘aisj;’;‘;;‘;d SeHCAT test <10% 539 (168 with 70/270 CC (26%), Salicylic acid use (76%) MCi
2(])11) [27] ’ observational and 79/270 (26%) urg enZ ab dominall on dav 7 LC, 270 with 30/168 LC (18%), was 81/270 (30%) in Loperamide 3049 (61%) CC, NA
study M in CC, 108/168 & chl 5 y CC, 101 MCi) 64/101 MCi (63%) CC,44/168 (26%)in 1122 (50%) LC, 56 (83%) MCi
(64%) F and fa‘“ af“ S.Or}rl‘te mes LC,27/101 27%) in  Antibiotics 113 (6%) CC, 2/10
60/168 (36%) Min 0SSOI W€l MCi (20%) LC, 310 (30%) MCi
LC, 83/101(82%) F Proton pump 5-ASA 428 (14%) CC, 19
and 18/101 (18%) inhibitor use was (11%) LC, 16 (17%) MCi
in MCi 89/270 (33%) in CC, Budesonide 135161 (84%) CC,
37/168 (22%) in LC, 86/98 (88%) LC, 26/31 (84%)
35/101 (35%) in MCi  Azathioprine 722 (32%) CC,
110 (10%) LC, 03 (0%) MCi
b ) 7ila111:>ha-h};droxy—4-
rospective cholesten-3-one
Fzrg]don (UK, 2011) observational NA Chronic diarrhoea serum levels were 6 CC 1/6 CC (17%) NA NA NA
study used to diagnose
BAM
328 had a completed
colonoscopy, of
which 172 had a
SeHCAT <15% and
SeHCAT >15% 156 had a SeHCAT
e o: o
275 patients, mean ;So/%undred
age (years) 48.7, patients had colonic
ge'zr;d%r i biopsies, of them:
istribution
Appleby (UK, 2017 Retrospective (PR 0 SeHCAT test <15% © s
[21‘;{) eby (UK, ) obsgrvaﬁonal SeHC A"i” <1(5)',)%; Chronic diarrhea 0?1 day 7 est<iov NA patien‘cs;0 NA NA NA
study 303 patients, mean 4/101 (4%)
age (years) 52.1, hqd .
gender microscopic
distribution colitis.
184/303 (61%) F, - SeHCAT
119/303 (39%) M <15% in 99
patients; 5/99
(5%) had
microscopic

colitis.
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Table 1. Cont.

Criteria to Define Prevalence of BAM Associated Histology after
Type of Study Age and Gender Symptoms BAM Type of MC in MC Treatments Response to Therapy Therapy
Values of
Retrospective 7-alpha-hydroxy-4- 140/646 CChad - 1C6C/ %14(31 (]13}:/12/)[
Davie (UK, 2020) . L. cholesten-3-one 7 C test a
[30] Otbsgrvatlonal NA Chronic diarrhea measured 522 20/204 LC had B 5/20 (25%) NA NA NA
study ng/mL were 7aC test LC had BAM
diagnostic for BAM
BAM was defined as
Mean age (years) elevated total fecal
i6cfor CC, 58 for blﬁ(?lcigtsaizzi?gﬂ All patients with MC (with or
Ger.l der ;Ld ds/48 h) or without BAM) were treated
Vijayvargiya (USA, Uncontrolled distribution: Chronic diarrhea elevated primary 66 MC (34 CC, EAI\r/[oz?xi;toe ‘1‘“‘;0‘5/‘ NA ‘(;Vfl;})[glilcilssggtl?; 112)/\/%35 é?)/ié’) NA
2022) [31] clinical study 27/34 (79%) F and faecal bile acids 32LC) Ppro> Y 2070 Y 'Ot IMprove,
7/34 (21%) M in (>10% primary bile of patients with MC (35%) had bile acid diarrhea,
CC;29/32 (91%) F acids or >4% and 2/6 (33%) improved with
and 3/32 (9%) M primary bile acids + BAs.
in LC. >1000 pwmol total

bile acids/48 h).

Abbreviations: CC = collagenous colitis; LC = lymphocytic colitis; BAM = bile acid malabsorption, IEL = intraepithelial lymphocytes; BAs = bile acid sequestrant.
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3. Bile Acid Diarrhea and Microscopic Colitis in the Current Literature
3.1. Clinical Studies on BAM and MC

Clinical studies included in our review considered patients with chronic watery diar-
rhea as predominant symptom. In two studies [17,27] patients reported abdominal pain
associated with chronic diarrhea, although the authors did not classify these patients as
IBS-D, according to currently available Rome criteria. One of them [17] reported no signifi-
cant differences regarding the symptoms’ response to therapy (including abdominal pain)
between MC patients with or without BAM.

Regarding the diagnostic tests for BAM, high heterogeneity was reported. Most studies
diagnosed BAM with the SeHCAT test, but the cutoff for BAs retention on day 7 varied between
studies: in most cases BAM was diagnosed if the SeHCAT retention was <10% [19,20,25,27];
another study used < 10% [22]; three others used <11% [17,23,26]; two used <15% [24,29].
Moreover, some studies used different criteria to diagnose BAM: in the two case reports the
response to a trial of cholestyramine was considered diagnostic for BAM [18,21]. One study
used both SeHCAT test and C4 plasma concentrations > 20 ng/mL [26]; two others used C4
serum levels [28,30]; one used total fecal bile acid and primary fecal bile acid levels [31].

Most studies included patients with both LC and CC. Some included only one of the
two subtypes of MC [19,20,22,26,28]. One study also incorporated patients with eosinophilic
colitis [25], whereas one study did not specify the type of MC [29].

Overall, the prevalence of BAM in MC ranged from 20 to 50%, apart from four
studies reporting a prevalence ranging from 9 to 18% [22,27,28,30]. Furthermore, one study
reported no difference between the prevalence of MC in patients with or without BAM [29].
Some studies showed a higher prevalence of BAM associated with a specific subtype of
MC, such as LC [17,23,30], or CC [27]. Furthermore, Fernandez-Banares et al. showed a
greater severity of BAM in patients with CC rather than LC [17], although this difference
was not significant.

In almost all studies, patients with MC and BAM were treated with cholestyramine,
with a percentage of responders ranging from 70 to 80% (just one study showed a lower
efficacy [22]). Bajor et al. [26] and Vijayvargiya et al. [31] treated patients with budesonide,
with clinical benefits. Furthermore, the case report of Rampton et al. revealed an im-
provement in histologic findings of rectal biopsies after treatment with cholestyramine [18].
One study [17] showed a correlation between the severity of BAM and the number of
eosinophiles in CC, but not in LC, even if a histological improvement after therapy ap-
peared only in 3/8 LC. Another study from the same author [23] showed histological
improvement in 12/23 patients after remission with cholestyramine.

3.2. Bile Acid Malabsorbtion and Bile Acid Diarrhea

BAD is a condition characterized by chronic watery diarrhea, associated with urgency,
occasional incontinence and often abdominal pain, that affects the quality of life of patients
and their work performance. Obesity seems to be a risk factor for the development of
BAD [32].

Depending on the causes, BAD can be subdivided into [9]:

e Type I: secondary to ileal dysfunction, i.e., failure to reabsorb bile acids in the ileum
because of resection, bypass or Crohn’s disease.

e  Type II: primary idiopathic condition, in which there are decreased plasma levels of
ileal fibroblast growth factor 19 (FGF19). FGF19 is produced by ileal enterocytes as a
response to excess bile acids in the terminal ileum, causing a negative feedback loop
on hepatic bile acids synthesis through the farnesoid X receptor (FXR) and reducing
bile acids synthesis.

e  Type III: gastroenterological conditions interfering with the normal bile acids reabsorp-
tion (e.g., cholecystectomy, chronic pancreatitis, small intestinal bacterial overgrowth,
colitis, celiac disease, radiation-induced enteritis, diabetes mellitus).

o  Type IV: excessive hepatic bile acids synthesis: observed in patients with hypertriglyc-
eridemia or using metformin [33].
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Even if BAD is usually diagnosed in adults, there is evidence documenting type II
BAD in about 20% of adolescents with chronic, non-bloody diarrhea often attributed to
irritable bowel syndrome [34].

The excess of bile acids arriving in the colon increases motility and electrolyte secretion,
leading to diarrhea. Due to the presence of chronic diarrhea, this condition has an important
negative impact on the quality of life.

The diagnosis is made with the SeHCAT test, currently representing the gold standard,
where available [35]. However, since this test is not available everywhere, other diagnostic
methods have been suggested, such as the serum assessment of C4 [14] or FGF19 [36].
These latter tests, unfortunately, show important circadian variability. Serum and fecal
quantification of bile acids have also been evaluated: the first does not correlate with the
ileal absorption, the second is somewhat difficult and tedious for patients, since it involves
collection of feces for 24-48 h. Therefore, an empirical trial with cholestyramine is often
used in the daily clinical practice if BAM is suspected. However, this approach is not
standardized and it can yield false positive and false negative results, limiting a correct
diagnosis and an effective treatment [35]. A positive SeHCAT test does not exclude other
causes of organic diarrhea, e.g., Crohn’s disease with ileal inflammatory involvement,
ileal resection, Whipple surgery, radio- or chemotherapy, chronic pancreatic insufficiency,
cholecystectomy or Habba syndrome. Therefore, it is important to rule out possible organic
disease before performing SeHCAT [16].

3.3. Microscopic Colitis

MC has a quite variable clinical presentation, including chronic or intermittent watery
non-bloody diarrhea, often with nocturnal stools and fecal urgency. Abdominal pain,
arthralgia and weight loss are less frequently reported. MC affects mainly the elderly
population and risk factors include female sex, use of proton pump inhibitors, use of
selective serotonin reuptake inhibitors, and active smoking. The diagnosis is histological,
because colonoscopy often appears normal or shows aspecific lesions such as erosions,
ulcers, or erythema. As suggested by guidelines, if MC is suspected [37], at least two
biopsies of the right hemicolon and two biopsies left hemicolon should be performed and
placed in two separate vials.

The treatment is based on the use of budesonide, and it appears to be effective in most
patients who, unfortunately, often report a relapse after discontinuation of the therapy.

3.4. Association between BAM and MC

To date, there is still a poor knowledge of many physicians regarding the possibility
of the simultaneous presence of BAM and MC in the same patient. Even more worrying
is the fact that many patients with IBS-D of FD are often no longer investigated for these
conditions when they do not respond to the usual treatments.

Nevertheless, the association between a malabsorption of bile acids in the ileum (i.e.,
BAM) and MC is not a rare condition (see Table 1) [17,20,38]. However, despite their preva-
lence, both diseases still represent an infrequent diagnosis for many gastroenterologists
and in clinical practice they are often considered mutually exclusive.

The coexistence between these MC and BAM should be considered, especially when
a patient with BAM or MC does not respond to the appropriate therapy because the
prevalence of CC and LC in BAM is not a rare event. In our review we discovered that the
prevalence of the coexistence ranged from 11% to 71% for CC and from 18% to 62% for LC,
according to the different studies (Table 1).

This high variability regarding the prevalence can be explained by: different cutoffs
for the SeHCAT test used to diagnose BAM from study to study; the use of other diag-
nostic methods rather than SeHCAT to diagnose BAM, such as dosage of C4 and FGF19.
Furthermore, the population of patients with MC in the different studies was often quite
heterogeneous with different percentages of CC and LC in the studied sample. All the
abovementioned factors could have impacted the prevalence of the association between
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BAM and MC, making it difficult to understand the exact prevalence. Further studies,
with standardized diagnostic methods and cutoffs and more homogeneous populations,
are needed.

According to a recent review with meta-analysis, one third of patients with MC
reported symptoms compatible with irritable bowel syndrome [3]. This disorder of gut-
brain interaction is characterized by abdominal pain associated with defecation and/or
related to changes in stool consistency or frequency of bowel movements [3]. The odds of
MC were no higher in patients with IBS-D compared with other patients with diarrhea [39].
Another review from Guagnozzi et al. confirmed the same findings: almost 39.1% of MC
patients (mainly with LC) also report IBS symptoms, while the prevalence of MC in patients
with IBS was 7% [11].

In consideration of the high prevalence of BAM, it seems reasonable that in the
diagnostic flowchart of watery diarrhea this condition should be taken into account before
MC. However, since patients with the overlap of MC-BAM usually respond to budesonide,
and much less frequently to cholestyramine, it is reasonable to rule out MC in patients
with BAM after a therapeutic failure with cholestyramine. It is also important to stress the
importance of obtaining biopsies during colonoscopy in patients with chronic diarrhea,
also when the macroscopic findings are normal or not specific. The lack of a histological
assessment can lead to a delayed or a missed diagnosis.

4. Pathophysiological Mechanisms

Although MC and BAM have a different pathophysiological background, they share
some similar pathways, leading to the same clinical manifestation: watery diarrhea. Some
of these pathways are discussed below.

4.1. Role of Farnesoid X Receptor (FXR)

Farnesoid X Receptor (FXR) is the main nuclear bile acid receptor. It is expressed in
the liver and intestine, especially in the proximal colon. Binding the bile acids, it acts as a
metabolic feedback sensor for their synthesis. Bile acid-dependent activation of FXR leads
to two outcomes (Figure 1):

e Inenterocytes, it induces the synthesis of fibroblast growth factor 19 (FGF19), which
inhibits CYP7A1, the hepatic enzyme that synthetizes bile acids, producing C4;

e A decreased bile acid intestinal absorption and an increase in the expression of organic
solute transporters « and 3 in enterocytes, in order to prevent intracellular bile acid
accumulation and its excretion to the portal system [24].

Therefore, FXR-mediated mechanisms prevent the noxious effects of bile acid accumulation.

According to the literature data, patients with MC present a significantly lower ex-
pression of FXR in the colon [40]. A possible hypothesis is that colonic inflammation,
through the inactivation of FXR, could render colonic epithelial cells more susceptible to
the deleterious effects of bile acids, leading to the intracellular accumulation of bile acids.
FXR plays an important role also in hepatic inflammation and regeneration, as well as
in regulating the extent of inflammatory responses, barrier function and prevention of
bacterial translocation in the intestinal tract [40]. Moreover, the lower circulating levels of
FXR determine a reduction in the production of FGF19, resulting in a reduced inhibition
of CYP7A1. The result is an increased production of bile acids and a reduced reuptake,
possibly contributing to MC pathogenesis and symptoms [41].

4.2. Role of Gut Microbiota

Bile acids regulate gut bacteria growth and composition, which reciprocally regulate
the circulating bile acid pool size with effects on metabolism and physiology. Bile acids
are physiological detergents that solubilize dietary fats, vitamins, and xenobiotics, so they
can be absorbed across the intestinal epithelium. Usually, 95% of bile acids is reabsorbed
in the terminal ileum, while the remaining 5% that arrives in the colon is metabolized
by the microbiota. The primary bile acids, cholic acid and chenodeoxycholic acid, are
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converted into deoxycholic acid and lithocholic acid, respectively. The main actions of the
gut microbiota are hydroxylation and deconjugation, the latter mediated by the enzyme bile
salt hydrolase (BSH). This leads to a more lipophilic composition of bile acids, which are
catabolized and reabsorbed. BSH is expressed by many bacterial phyla, but its expression is
higher in Bifidobacterium, Lactobacillus, Bacteroides, Enterococcus and Clostridia genera.
Bile acids can determine direct damage to the bacterial membrane, preventing bacterial
overgrowth, so the expression of BSH is a possible tolerance mechanism implemented by
bacteria to survive bile acid exposition.

CYP7A/1

Portal vein

G

Enterocyte

Figure 1. Pathophysiology of enterohepatic circulation: BAs excreted in the intestinal lumen are mainly
reabsorbed in the ileum through the apical sodium-dependent bile acid transporter (ASBT) and return
to the liver through the portal circulation, stimulating the farnesoid X receptor (FXR). This initiates the
production of fibroblast grow factor (FGF) 15/19, which interacts in the hepatocytes with cholesterol
7 alpha-hydroxylase (CYP7A /1) and reduces BA synthesis, with a negative feedback mechanism [16].
Abbreviations: BA = bile acid; ASBT = apical sodium-dependent bile acid transporter; FXR = farnesoid
X receptor; FGF 15/19 = fibroblast grow factor 15/19; OST «/f = organic soluble transporter o/ f3;
FGFR4 = fibroblast grow factor receptor 4; CYP7A /1 = cholesterol 7 alpha-hydroxylase; NTCP = sodium-
dependent uptake transporter; ABCB11 = ATP binding cassette subfamily B member 11.

A dysbiosis could determine a reduction in BSH-producing bacteria, and consequen-
tially a reduced deconjugation, leading to a BAM and a possible BAD. This is confirmed in
experimental mice models: the absence of microbiome leads to an altered pool of bile acids
in the ileum, with increased levels of bile acids, which are antagonists of FXR, leading to
the lack of a negative feedback on the production of bile acids in the liver [42].

Similar mechanisms could be present also in humans. Supporting the link between
dysbiosis and BAM/BAD, some studies conducted in patients with BAD found a dysbiosis
as a possible cause of alteration in bile acid metabolism [43,44]. In a small number of studies,
a dysbiosis was found also in MC, with a reduction in the alpha diversity of microbiota due
to inflammation and an increase in the peak-to-trough ratio [45]. This ratio describes the
species’ replication rate, and it is a valuable tool for investigating microbiome dynamics.
In active MC, the peak-to-trough ratio is higher both in the overall microbiome and in
particular for Alistipes finegoldii (bacteria especially involved in intestinal inflammation),
compared to healthy controls and MC clinical remission. This dysbiosis, through the
abovementioned mechanisms, can lead to a BAM in patients with active MC.
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4.3. Role of Apical Sodium Dependent Bile Acid Transporter (ASBT)

The enterohepatic recirculation of bile acids involves many transport proteins
(Figure 1) [46]. ASBT is the most important. ASBT is expressed on the apical mem-
brane of enterocytes in the terminal ileum and mediates the reabsorption of bile acids into
enterocytes of the terminal ileum. Bile acids bind to ileal bile acid-binding protein (IBABP)
and are secreted into portal circulation by organic solute transporters & and 3. These bile
acids return to the liver and re-enter hepatocytes, completing the cycle of entero-hepatic
circulation [45]. The importance of ASBT in bile acid recirculation can be demonstrated by
a case report describing a severe BAM in patients with homozygous mutation of ASBT [47].
Due to its role in bile acid recycling, some studies have explored the possibility of inhibiting
ASBT as a therapy for constipation, dyslipidemia, atherosclerosis, type 2 diabetes mellitus,
non-alcoholic fatty liver disease and cholestatic liver diseases [48].

ASBT is downregulated by FXR, reducing bile acid reuptake, with the possibility of
developing BAD. Studies on mice have demonstrated that in the case of experimental colitis,
induced with dextran sulfate sodium, inflammation increases the level of c-fos proteins,
which causes a direct inhibition of ASBT. This leads to an increase in bile acids that arrive in
the colon [49]. Moreover, a study showed an activation of the human ASBT gene by direct
binding of dexamethasone and budesonide, with increased reabsorption of bile acids [50].
In conclusion, ASBT is inhibited by inflammation and induced by corticosteroids; the first
decreases the ileal reabsorption of bile acids, the second increases it. Therefore, type 1 BAM,
which is related to ileal inflammation or resection, depends on a reduced pool of ASBT.
In the same way in MC, the inflammation could induce the depletion of the ASBT of the
terminal ileum. In both cases, the reduction in ASBT reduces the reuptake of bile acids in
the terminal ileum and determine diarrhea.

4.4. Role of Takeda G-Protein-Coupled Receptor 5 (TGR5)

Another physiopathological aspect under debate is the TGR5 pathway. This is a
membrane G protein-coupled bile acid receptor mainly expressed in the gastrointestinal
tract. Its expression is higher in the distal ileum and colon, but it can be found also in
cholangiocytes, stellate cells, sinusoidal endothelial cells and Kupffer cells of the liver. TGRS
is activated by bile acids and plays a role in insulin sensitivity, adipose tissue browning,
reduction in hepatic steatosis. It is also involved in gallbladder filling and inflammation
through inhibition of NFkB. TGR5 gene expression is partially regulated through FXR,
indicating that FXR and TGR5 may interplay to regulate metabolism in the liver and
gut [51]. TGR5 seems to have a role in [52]:

e  Modulating intestinal inflammation. In a mice mode, the activation of TGRS leads to
an anti-inflammatory effect through a reduction in IL6, TNF«, INFy and an increase
in IL10.

e  Maintaining intestinal barrier integrity. In a mice model, a deficit in TGR5 leads
to an abnormal morphology of the colonic mucosa and increased intestinal perme-
ability, with an altered molecular architecture of epithelial thigh junctions, increased
expression and abnormal distribution of zonulin 1.

e Intestinal motility. It is expressed on enteric neurons and mediates the effects of bile
acid on colonic motility. Confirming this hypothesis, a study by Alemi et al. showed
that TGR5 overexpression in transgenic mice caused a more rapid colonic transit time
and increased frequency of defecation [53].

Therefore, a possible dysregulation of TGRS induced by bile acids could play an
etiopathogenetic role in inflammatory diseases of the colon [34], such as MC.

5. Conclusions

The clinical management of IBS-D and FD may be complex and uncertain [1,5,54].
Guidelines point towards a positive diagnostic approach [47]. However, in the presence of
symptoms non-responsive to conventional therapies, in the absence of alarm symptoms,
organic diseases (i.e., BAM and MC) must be ruled out. BAM is not a rare disease, and its
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prevalence is higher than MC in patients with chronic watery diarrhea. For this reason, in
non-responder patients it is mandatory to first rule out BAM by performing a SeHCAT test,
where available or evaluating the serum levels of C4 and/or FGF19. In the meantime, as
highlighted by pathophysiological mechanisms, MC patients could display a secondary
BAM. For this reason, in patients with a proven BAM who are unresponsive to bile acid
sequestrants, a colonoscopy with multiple biopsies may help to address the problem.

It is important to perform multiple biopsies during colonoscopy while evaluating
patients with chronic watery diarrhea, even when the colonic mucosa appears to be macro-
scopically normal, since this is the only way of reliably diagnosing MC.

Further research should focus on:

e  Exploring the exact prevalence of the association of BAM and MC in chronic watery
diarrhea or in patients labelled as “functional” but refractory to conventional therapy;

e  C(Clarifying the role of the most debated molecular actors (e.g., TGR5) involved in BAM
pathophysiology and its relationships with MC.

e  Understanding the relationship between BAM and MC in symptom generation, when
both coexist in the same patients;

e Discovering the correct treatment strategy in these patients through randomized
controlled clinical trials.
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