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a b s t r a c t 

Bile Acid Diarrhea (BAD) is a common cause of chronic diarrhea, often accompanied by urgency, occa- 

sional fecal incontinence, abdominal pain, and fatigue. A nationwide survey has shown limited awareness 

of BAD within the Italian medical community, prompting a panel of experts to develop a Position Paper 

that outlines the most practical and cost-saving diagnostic investigations and treatments for this fre- 

quently overlooked condition. The document provides an overview of the epidemiology, pathophysiology, 

clinical manifestations, and classification of the different types of Bile Acid Diarrhea (BAD). A key focus 

is the diagnostic approach to identifying and managing the many undiagnosed BAD patients in both pri- 

mary care and specialized medical settings. Finally, the paper addresses the optimal therapeutic strategies 

for BAD, including traditional bile acid sequestrants and newer, promising treatments. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Preface 

The high prevalence of Bile Acid Diarrhea (BAD) reported in 

edical literature does not seem to correspond with the number 

f BAD diagnoses made in Italy. Therefore, we conducted a na- 

ionwide survey to assess Italian gastroenterologists’ knowledge of 

AD and their diagnostic practices. The online survey was carried 

ut between June and September 2022. Despite more than 20 0 0 

equests sent by two Italian gastroenterological associations (SIGE 

nd AIGO) to their members, only 5% of physicians responded. 

Following the presentation of these survey results at a Work- 

hop held on September 29, 2022, in Rome, a panel of Italian ex- 
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erts discussed the findings. Although the survey design had limi- 

ations, such as a small sample size and potential bias due to self- 

election, the results highlighted an insufficient level of knowledge 

nd diagnostic capability regarding BAD, even among specialists. 

Given that 1) BAD is a common condition that is frequently un- 

ecognized, underdiagnosed, or misdiagnosed, often leading to in- 

onsistent treatment [ 1 , 2 ], and 2) internationally recognized con- 

ensus recommendations for diagnosis and treatment are based on 

ow or very low certainty of evidence, the authors concluded that 

 Position Paper offering practical, cost-effective guidance for di- 

gnosing and treating this condition could benefit both the Italian 

nd international medical communities 

. Definition 

Clinically, BAD presents as chronic diarrhea, i.e. the abnormal 

assage of loose or liquid stools (Bristol Stool Scale type 5 or 
terologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND 
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bove) more than three times daily for more than 4 weeks [ 3 , 4 ],

ften accompanied by symptoms such as urgency, occasional fecal 

ncontinence, abdominal pain, and fatigue, that limit daily activity 

n a substantial number of patients [ 5 ]. 

.1. Pathophysiology of BAD 

Bile Acid diarrhea (BAD) is dependent on an excess passage of 

ile acids (BAs) from the small bowel to the colon. Conventionally 

his excess is quantified in more than 5% of total BAs secreted in 

he small bowel from the liver. This condition produces an effect 

ith hypersecretion of water and sodium (a cyclic AMP-mediated 

echanism), direct enterocyte cytotoxicity, increased colonic per- 

eability (“leaky gut”), mucosal immune system activation (e.g., 

ast cells), increased mucin secretion, modifications in the colonic 

icrobiota ecosystem, and increased gut motility and transit. BAD 

s not necessarily associated with nutrient malabsorption, but the 

otential consequence of long-term chronic malabsorption and 

A’s action might theoretically negatively affect the colonic ente- 

ocytes [ 6 ] and the liver cells [ 7 ]. 

From a pathogenetic point of view, BAD is due to dysregulated 

As recycling within the enterohepatic circulation and comprises 

t least two fundamental conditions [ 8 , 9 ]: 

1) Overproduction of BAs, i.e., primary BAD. 

a. Decreased feedback inhibition of BAs synthesis 

i. Impaired ileal fibroblast growth factor (FGF)19 production 

ii. Hepatic resistance to FGF19 effect (likely associated with 

FGFR4/ β-klotho receptor malfunction) 

b. Associated with hypertriglyceridemia 

2) Impaired reabsorption of BAs, BAD secondary to 

a. ileal disease /resection 

b. other intestinal disorders 

.2. Classification of BAD 

BAD, initially classified into three subtypes [ 10 ], now includes 

our subtypes, according to the underlying pathophysiological 

echanism [ 11 , 12 ]: 

ype 1 

This category is characterized by malabsorption of BAs due to 

onditions that prevent the reabsorption of BAs in the ileum such 

s Crohn’s disease, extensive surgical resection of the ileum, and 

bdominal radiation therapy for neoplastic diseases. The BA mal- 

bsorption depends on the reduction/lack of expression of apical 

odium–bile acid transporter (ASBT). As a consequence, patients 

evelop osmotic diarrhea or true steatorrhea due to the conse- 

uent malabsorption of fats (e.g., in extensive ileal resections > 

00 cm) [ 13 ]. 

ype 2 

This category is also called idiopathic and is associated with 

rimary BAD or Irritable Bowel Syndrome subtype diarrhea (IBS- 

) [ 14 ] or Functional Diarrhea (FD). In type 2 BAD, dysmotility is 

inked to the greater bioavailability of primary BAs chenodeoxy- 

holic acid (CDCA) and cholic acid (CA) or a reduced microbial 

iotransformation of primary to secondary BAs (i.e., deoxycholic 

cid, DCA and litocholic acid, LCA). In addition, some genetic vari- 

nts have been recently described in this category and can be re- 

ponsible for rare ( ∼1%) primary BAD due to several different con- 

itions; a) alteration of apical sodium-dependent bile acid trans- 

orter (ASBT) [ 15 , 16 ]; b) reduced FGF19 synthesis resulting in de-

cient inhibition of BAs synthesis in the liver with defective nega- 

ive feedback on BAs synthesis in the liver, dysregulation of recep- 

ors FGR4 or β-klotho and defective inhibition of CYP7A1 result- 

ng in increased BAs synthesis [ 17 ]; c) up-regulation of the ileal 
681
PBAR-1 receptor which stimulates intestinal transit [ 18 ]. Further- 

ore, the potential role of the gut microbiota must be considered. 

icrobial populations regulate BA metabolism in the gut but can 

lso modify their hepatic synthesis through the nuclear intestinal 

XR receptor [ 19–21 ]. In a mouse model, a reduction of Lactobacil- 

us and of the ratio Firmicutes Bacteroidetes is related to FXR reduc- 

ion [ 22 ]. The presence of gut dysbiosis is a predisposing factor to 

ncreased bioavailability of more cytotoxic secondary BAs, namely 

CA or LCA [ 23 , 24 ]. Secretory fecal BAs such as CDCA and DCA

timulate colonic secretion and motility [ 25 ]. 

ype 3 

This category includes malabsorption or gut dysmotility sec- 

ndary to biliary-pancreatic diseases, celiac disease, or post- 

holecystectomy outcomes. Microscopic colitis is another possible 

ause [ 26 ]. 

ype 4 

Type 4 BAD depends on excessive BA synthesis and essen- 

ially occurs in hypertriglyceridemia and during antidiabetic ther- 

py with metformin [ 27 ]. 

. BAD epidemiology 

Type 1 BAD is reported in about 90% of patients with ileal 

isease or resection typically due to Crohn’s disease or radiation 

leitis, and in 11- 52% of those without ileal resection [ 28 , 29 ]. A

eta-analysis reported the rate of type 2 BAD ranging from 16.9% 

o 35.3% [ 30 ]. The pooled rate for a 75 SeHCAT retention rate of 10%

t 7 days was 28.1% (95% CI: 22.6–34%). The type of diagnostic cri- 

eria used, prospective or retrospective assessment, or study coun- 

ry did not significantly modify the effect. 

In a systematic review performed in countries other than Italy 

omprising 1073 IBS-D patients the pooled rate was 32% (95% CI: 

9–35%) and 10% (95% CI: 19–35%) for a 75 SeHCAT retention at 7 

ays of 10% and 5%, respectively. There was significant heterogene- 

ty in effect sizes for studies reporting data on retention rate at 

0%, but not at 5% [ 31 ]. 

To our knowledge, only one retrospective study attempted to 

ssess the BAD prevalence in Italy in 136 patients with chronic 

iarrhea [ 32 ]. BAD was suspected in patients with ileal disease, 

holecystectomy, or post-prandial diarrhea and was confirmed in 

8.1% (95% CI 19.9%-38.4%) of the patients who reported a clinical 

mprovement following a 6-month cholestyramine treatment. De- 

pite the relevant limitations of this study, the reported prevalence 

f BAD in Italy does not appear to be substantially different from 

hat of other countries. It is summarized in the previously men- 

ioned systematic review and meta-analysis. In conclusion, taking 

nto account the heterogeneity of the studies, it would appear that 

 conservative estimate of 10% type 2 BAD is probably a realistic 

revalence rate to be expected in functional diarrhea (FD) and in 

BS-D-like Italian patients. 

The prevalence of type 3 and 4 BAD has not been adequately 

nvestigated, except for a systematic review with a meta-analysis 

eporting that two-thirds of patients who had chronic diarrhea fol- 

owing cholecystectomy had bile acid diarrhea [ 33 ]. 

. BAD: clinical manifestations 

The main clinical manifestation is diarrhea. In general, symp- 

oms reported by BAD patients are not specific enough to diagnose 

he syndrome apart from other more common conditions such as 

BS-D and FD, as defined by the Rome IV Criteria [ 34 ]. Neverthe-

ess, some clinical manifestations should prompt clinicians to think 

f BAD in subsets of patients presenting with chronic diarrhea not 

esponsive to first-line therapeutic approaches. 
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Patients with BAD commonly complain of frequent, watery 

owel movements, with urgency, abdominal pain, bloating, and 

ecal incontinence [ 5 , 12 ]. Systemic symptoms including fatigue, 

izziness, and feeling of fainting are also frequently reported [ 35 ] .

atients with unexplained diarrhea or IBS-D who have increased 

ecal BAs excretion typically have higher BMI, increased stool 

eight and fat, and accelerated colonic transit compared to pa- 

ients without increased fecal BAs excretion [ 36 ]. In an online sur- 

ey of 100 patients with BAD, 88% reported occasional inconti- 

ence, 85% urgency, 54% abdominal pain, and 52% felt the need 

o be close to a bathroom [ 5 ]. Besides severity of diarrhea, toilet

roximity is a predictor of BAD in IBS-D patients [ 37 ]. The sever-

ty and chronicity of symptoms and their impact on daily habits 

nd social life, often exasperated by a missed or late diagnosis, in- 

vitably diminish the quality of life and lead to the development 

f depressive symptoms [ 5 , 35 ]. 

In another online survey, 21 clinical members of the UK Bile 

cid Related Diarrhoea Network, all of whom had published re- 

earch on bile acid diarrhea (BAD), were asked which symptoms 

ould prompt them to recommend a diagnostic test for bile acid 

alabsorption [ 38 ]. The most frequently reported symptoms were: 

ore than six bowel movements per day (86%), consistently loose 

tools (86%), 3–6 bowel movements per day (81%), intermittent 

oose stools (76%), fecal urgency at least once a week (67%), and 

ecal incontinence at least once a week (62%). Symptoms that were 

ot considered suggestive of BAD included 1–3 bowel movements 

er day, alternating loose and hard stools, soiling, abdominal pain 

ssociated with or relieved by defecation, yellow or green-colored 

tools, and changes in body weight associated with diarrhea. Clin- 

cal conditions most frequently recognized as potentially associ- 

ted with BAD included ileal resection, Crohn’s disease, right hemi- 

olectomy, cholecystectomy, pelvic or abdominal radiotherapy, IBS- 

, microscopic colitis, bariatric surgery, small intestinal bacterial 

vergrowth, and partial gastrectomy. 

BAD is more commonly diagnosed in patients with IBS-D and 

unctional diarrhea (FD), but it has also been identified as a pos- 

ible contributing factor in some cases of unclassified IBS (IBS-U) 

nd mixed IBS (IBS-M). IBS-U refers to a subtype of IBS where the 

atient’s symptoms do not fit into the other subtypes, while IBS- 

 is characterized by a combination of symptoms from both IBS-D 

nd constipation-predominant IBS (IBS-C) [ 30 , 39 ]. 

. BAD: diagnosis 

Chronic diarrhea is a complex symptom seen in many con- 

itions and is often interpreted differently by patients, including 

ecreased stool consistency, increased frequency of bowel move- 

ents, urgency, and incontinence [ 40 ]. The World Health Organi- 

ation (WHO) defines diarrhea as “the passage of three or more 

oose or liquid stools per day, or more frequently than is normal 

or the individual” [ 41 ]. This should be distinguished from pseudo- 

iarrhea and fecal incontinence to avoid unnecessary in-depth in- 

estigations. 

Based on the duration of symptoms, diarrhea is defined chronic 

hen lasting more than 28 days. 

In a patient with chronic diarrhea, distinguishing between or- 

anic and functional causes is often difficult. Due to the high 

revalence of functional disorders [ 9 ], it is recommended to rule 

ut "alarm features" such as gastrointestinal (GI) bleeding, fever, 

nintentional weight loss, nocturnal diarrhea, tenesmus, or a fam- 

ly history of colorectal cancer. 

According to the Rome IV criteria [ 42 ], if no alarm features 

re present and diarrhea is associated with abdominal pain, IBS- 

 is the most likely diagnosis; otherwise, a provisional diagnosis 

f functional diarrhea (FD) can be made. Both conditions should 

e empirically treated without further testing. If treatment fails or 
682
larm features are present, further diagnostic testing is warranted 

 2 , 40 ]. 

The initial clinical evaluation of chronic diarrhea, usually in pri- 

ary care, should be based on the patient’s history (dietary, travel, 

edical, surgical, radiation, and family history) and physical exam- 

nation [ 40 ]. Bowel movements using the Bristol Stool Form Scale, 

rgency, and abdominal pain should be enquired [ 43 ]. Full blood 

ount, C-reactive protein, serology for celiac disease, and fecal cal- 

rotectin evaluation are usually assessed [ 2 ]. 

Outside of a screening context for colorectal cancer prevention 

n patients aged 50 years or older and in those with alarm signs, 

outine colonoscopy is not recommended for watery diarrhea un- 

ess microscopic colitis is suspected [ 44 ]. 

By diagnostic suspicion, second-line diagnostic approaches, 

referably performed in a specialist gastroenterological setting, 

ay include selected investigations such as lower GI endoscopy, 

ntestinal imaging [ 45 , 46 ], appropriate hydrogen breath tests [ 47 ],

ecal elastase, and tests for infectious agents . 

An upper GI endoscopy with duodenal biopsies offers limited 

iagnostic benefit in patients with watery diarrhea [ 48 ], except in 

ases where it is necessary to confirm a diagnosis of celiac disease 

ith positive serology [ 4 , 49 ] or to detect rare conditions such as

ymphocytic duodenitis, Whipple disease, Crohn’s disease, giardia- 

is, lymphoma, and eosinophilic gastroenteritis [ 49 ]. 

.1. Diagnostic tests for BAD 

From the initial clinical approach, it is important to suspect 

AD in patients with persistent watery diarrhea, especially in 

hose with known risk factors for BAD (such as ileal disease, gas- 

rointestinal surgery, previous cholecystectomy, or prior radiother- 

py) and in patients with functional diarrhea (FD) or IBS-D who 

ave undergone a thorough, yet inconclusive, serological and stool 

orkup. When BAD is suspected, the physician faces a crossroads: 

ither initiate empirical therapy with bile acid sequestrants (BASs) 

cholestyramine, colestipol, colesevelam) or perform more specific 

ests for BAD, such as the 75 SeHCAT test, which is currently the 

old standard for diagnosing BAD [ 50 ]. 

.2. Empirical trial of bile acid sequestrants (BAS) 

Conditional arguments supporting an empirical trial of BASs for 

atients with bile acid diarrhea are based on the following as- 

umptions: a) BASs are effective in treating bile acid malabsorp- 

ion; b) an empirical trial of BASs would be less time-consuming 

nd more cost-effective than a 75 SeHCAT test-and-treat approach; 

) the empirical trial strategy avoids patient exposure to radiation; 

nd d) 75 SeHCAT technology is not widely available, and bile acid 

herapy represents the only option for many patients. However, 

ata suggest that the empirical trial of BASs may only be reliable 

n patients with a very high suspicion of BAD (i.e., where a pos- 

tive 75 SeHCAT test is found in over 90% of cases), such as those 

ho have undergone terminal ileum resection or right hemicolec- 

omy. In other cases, particularly idiopathic or type 2 BAD, there is 

ittle scientific evidence supporting this approach. 

This is supported by data from a series of 264 patients, 

here 53% were diagnosed with BAD, yet 44% did not respond 

o cholestyramine alone [ 51 ]. Additionally, poor responses to BAS 

herapy could be related to non-compliance, early discontinuation, 

r insufficient drug dosage [ 52 , 53 ]. Based on these findings, ap-

roximately half of the patients might be falsely diagnosed as not 

aving BAD, suggesting that the empirical trial approach is less re- 

iable compared to 75 SeHCAT testing. 

Moreover, a recent randomized controlled phase 4 trial of cole- 

evelam in patients with bile acid diarrhea identified C4 concen- 

ration levels (greater than 46 ng/mL) and SeHCAT retention (10% 
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r less) as cutoff values associated with remission in drug-treated 

atients [ 54 ]. Both C4 and SeHCAT values were also linked to the 

everity of baseline diarrhea and the treatment effect of coleseve- 

am [ 54 ]. These findings suggest that the treatment benefits were 

pecific to bile acid diarrhea, thus supporting a test-and-treat ap- 

roach over an empirical trial of BASs. 

On the other hand, improvement of diarrhea through the em- 

irical trial approach could be related to factors other than bile 

cid sequestration, as resins may absorb harmful substances be- 

ides bile acids (e.g., toxins, microbiota metabolites), leading to a 

alse positive result. Additionally, the long-term stability of BAD 

as evaluated prospectively over 16 years using the 75 SeHCAT test. 

his study showed a strong correlation between the first and sec- 

nd 75 SeHCAT tests over time, suggesting that BAD is a chronic 

ondition that may require long-term BAS treatment, which is not 

ithout adverse effects (e.g., drug interactions) [ 55 ]. 

Schiepatti et al assessed the clinical response to cholestyramine 

n patients with functional chronic diarrhea and high clinical suspi- 

ion of bile-acid diarrhea (BAD). They reported that patients with 

ither positive or negative 75 SeHCAT test benefit from colestyra- 

ine treatment, but only the former of long-term treatment [ 56 ]. 

Therefore, determining the optimal duration and dosage of BASs 

s difficult in the absence of an established BAD diagnosis, which 

ould help educate and motivate patients to adhere to treatment 

 52 , 57 ]. 

. Specific tests for BAD 

In addition to the initial clinical evaluation, the following tests 

an identify BAD in patients with diarrhea: serum C4 as a marker 

f hepatic bile acid (BA) synthesis, serum FGF19 as a marker of 

A absorption in the ileum, fecal BA excretion, and the 75 SeHCAT 

est as a marker of BA retention. Each of these tests has its limita-

ions, and results must be interpreted carefully. The ultimate goal 

f these diagnostic tests is to identify patients who would benefit 

ost from therapeutic trials [ 58 ] using drugs that sequester BAs in 

he intestine [ 59–61 ]. 

1. Serum C4 

C4 (7alpha-hydroxy-4-cholesten-3-one) is a precursor in the 

ynthesis of BAs. Serum C4 directly reflects hepatic BA synthesis 

nd is measured using high-performance liquid chromatography 

HPLC) with mass spectrometry as a biomarker of BA synthesis 

 62 ]. This test is less sensitive than the 75 SeHCAT test [ 26 ]. Serum

4 levels typically increase in patients with genetic variants asso- 

iated with type 2 BAD, such as the rs3808607 T > G polymorphism 

n the CYP7A1 promoter region [ 63 ]. 

2. Serum FGF19 

This test indirectly measures BA reabsorption in the ileum. 

he ileal BA-enterocyte nuclear FXR–enteroendocrine FGF19–liver 

GFR4/ β-klotho axis provides feedback inhibition of BA synthe- 

is in the liver, reducing C4 levels [ 21 ]. FGF19 is measured using

n enzyme-linked immunosorbent assay. Under normal conditions, 

A absorption is associated with increased serum FGF19 and de- 

reased C4. In BAD, FGF19 levels are decreased, and C4 levels are 

levated [ 64 ]. 

3. Fecal BA excretion 

Measuring total and individual BAs in feces is a direct diagnos- 

ic method and could be considered as an initial test in patients 

ith chronic diarrhea [ 65 ]. However, few laboratories perform this 

omplex analysis today. The test requires a 48-hour stool collec- 

ion after a four-day, 100-gram fat diet to measure total, or primary 

nd secondary fecal BAs [ 26 , 59 ]. Fecal BAs are measured by HPLC
683
ith mass spectrometry. A total fecal BA excretion > 2337 mmol/48 

ours is the accepted cutoff for diagnosing BAD [ 25 ]. This test may 

erve as a valid alternative when 75 SeHCAT is unavailable. 

These tests are expensive, not routinely performed, and un- 

venly available. They are generally limited to referral centers. Both 

4 and FGF19 levels exhibit diurnal variation, typically rising in the 

orning after 9 a.m. This must be considered when interpreting 

esults [ 66 ]. Although serum biomarkers have poor accuracy, cor- 

elations exist between fasting serum C4 and FGF19 levels and BA 

oss, with varying cut-offs reported [ 60 ]. 

xamples include: 

◦ Fasting serum FGF19 < 145 pg/mL yields a sensitivity of 58% and 

specificity of 84% [ 67 ]. 

◦ Fasting serum FGF19 < 61.7 pg/mL has a sensitivity of 32% and 

specificity of 78% [ 60 ]. 

◦ Compared to 48-hour fecal BA measurement, C4 and FGF19 

tests had specificities of 83% and 78%, respectively [ 60 ]. 

In the absence of the 75 SeHCAT test, these tests offer an alter- 

ative approach with high specificity, particularly when sensitivity 

s improved by combining serum and stool tests. 

4.75 SeHCAT Test 

The 75Selenium homocholic acid taurine (75 SeHCAT) test is a 

cintigraphic exam first introduced in 1981 [ 68 ]. It measures the 

ody’s retention of synthetic tauroselcholic acid (75Selenium ho- 

ocholic acid taurine conjugate), which is absorbed and excreted 

t the same rate as cholic acid but is not metabolized by colonic 

icrobiota or subjected to passive diffusion [ 31 ]. It is available in 

any European countries and Canada (usually only at third-level 

enters) but not in the USA. 

The test is simple and easy to perform. Preparation requires the 

uspension of bile acid sequestrants and antidiarrheal drugs one 

eek before testing and fasting for at least 4 hours before taking 

he 75 SeHCAT capsule [ 69 ]. The first scan is done 3 hours after cap- 

ule ingestion while the patient is still fasting, and the second scan 

ccurs 7 days later to calculate the 75 SeHCAT % retention. Healthy 

ndividuals typically have a 95% retention, while abnormal reten- 

ion indicates BAD. Radiotracer retention correlates with ileal ab- 

orption [ 70 ]. 

The 75 SeHCAT test is safe and well-tolerated, involving very low 

evels of radiation (0.26 mSv), far lower than an abdominal CT scan 

15–25 mSv) or a PET scan (7–10 mSv) [ 71 , 72 ]. The absorbed dose

nly slightly increases in patients who have undergone cholecys- 

ectomy or have liver damage. 
75 SeHCAT correlates with BA loss in stools and allows for the 

lassification of BAD severity (mild, moderate, severe) based on re- 

ention values of ≤15%, ≤10%, and ≤5%, respectively, on the sev- 

nth day [ 28 , 31 , 73 ]. The severity of BAD helps predict the response

o therapy, with reported response rates of 73% for mild BAD, 76% 

or moderate BAD, and 88% for severe BAD [ 74 ]. 

The 75 SeHCAT test is now considered the “gold standard” for 

iagnosing BAD due to its sensitivity and specificity [ 58 , 74 ]. The

ptimal cut-off for diagnosing BAD varies between ≤10% and ≤15% 

 58 ]. Merrick et al. demonstrated a sensitivity of 100% and a speci- 

city of 91% with a 15% cut-off [ 75 ], while Wedlake et al. reported

etter response rates to cholestyramine with a 10% cut-off (80%) 

ompared to a 15% cut-off (70%) [ 31 ]. A systematic review by Lyu- 

akov et al. confirmed that a < 10% retention threshold provides 

n average sensitivity of 87.32% and specificity of 93.2%, making 
5 SeHCAT the most accurate diagnostic test for BAD, followed by 

he serum C4 assay [ 76 ]. 

Although the 75 SeHCAT test is relatively expensive, reaching a 

efinitive diagnosis can positively impact patient compliance with 

AS therapy [ 50 ]. Patients with a clear diagnosis are more likely 
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Table 1 

Advantages and disadvantages of the 75 SeHCAT test for Bile Acid Diarrhea (BAD). 

Advantages Disadvantages 

Gold standard for the diagnosis of BAD with high Relatively expensive and not usually available 

sensitivity and specificity only at third-level centers 

Simple, safe and well-tolerated Other causes of organic diarrhea are not excluded 

Quantitative evaluation of BAD predicts the 

response to therapy with BASs 

Decrease the need of other costly, useless, and potentially dangerous diagnostic tests 

More rational use of BASs by reducing possible adverse effects and improving compliance in reassured patients 

Fig. 1. Upper box, the patient reports a 3-month history of diarrhea with more than 3 loose stools per day, suggestive of IBS-D or functional diarrhea (FD), in the absence of 

alarm features, with negative celiac serology, and unresponsive to standard treatments for diarrhea. If this patient is assessed in primary care, he or she should be referred to 

a gastroenterologist. If the specialist considers the diagnosis of bile acid diarrhea (BAD) highly probable, a 75 SeHCAT test is recommended, if available; otherwise, a bile acid 

sequestrant test (BAST) should be initiated. If the BAST response is positive, a 75 SeHCAT test is needed to confirm the diagnosis. If the BAST response is negative, alternative 

diagnoses and treatments should be explored. If alternative diagnoses are ruled out, a 75 SeHCAT test is indicated. 
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o adhere to BAS treatment, despite its unpalatable nature and 

otential side effects [ 50 ]. Additionally, diagnosing BAD early us- 

ng 75 SeHCAT has proven to reduce unnecessary diagnostic pro- 

edures (e.g., CT, MRI) over the subsequent five years [ 55 ]. Em- 

loying reliable diagnostic methods like 75 SeHCAT early in the pro- 

ess could avoid unnecessary endoscopic procedures, reduce wait- 

ng lists, and lessen the burden on gastrointestinal clinics in sec- 

ndary care [ 77 , 78 ]. 

Table 1 summarizes the advantages and disadvantages of 
5 SeHCAT in clinical practice, and a simplified conceptual algo- 

ithm for BAD diagnosis is proposed in Fig 1 . 

. Therapy of bile acid-induced diarrhea 

.1. Introduction 

The optimal therapeutic approach to BAD should follow a thor- 

ugh diagnostic process aimed at understanding the underlying 

athophysiological mechanisms that lead to excessive bile acids 

BAs) entering the colon. Unfortunately, various diagnostic meth- 
684
ds, such as stool tests for BAs, serum C4 or FGF19 tests, and even 

he 75 SeHCAT test, are either unavailable or unevenly distributed, 

aking a consistent diagnostic approach challenging. 

Regardless of the underlying cause—whether primary or sec- 

ndary BAD, including conditions like ileal resections, cholecystec- 

omy, microscopic colitis, or obesity—the most studied treatment 

or all these conditions is the use of bile acid sequestrants (BASs). 

t is worth noting, however, that BASs are not licensed to treat BAD 

n many countries. 

.2. Bile acid sequestrants 

A comprehensive systematic review on this topic was pub- 

ished in 2014 [ 79 ], covering 30 studies with 1241 patients diag- 

osed with BAD and treated with BASs. In the majority of stud- 

es, cholestyramine was used at doses ranging from 4 to 8 g/day, 

ollowed by colesevelam and colestipol. Overall, cholestyramine 

roved effective in a large proportion of patients (with an aver- 

ge treatment success rate of 70%), although outcome measures 

aried across studies. A subsequent review focusing on patients 
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ith confirmed BAD post-cholecystectomy (161 patients) reported 

 pooled response rate of 79% for those treated with cholestyra- 

ine [ 33 ].In the same study, the response of additional patients 

ith watery diarrhea to cholestyramine was retrospectively ana- 

yzed. Patients with abnormal 75 SeHCAT results were divided into 

wo groups: those with (n = 99) and without (n = 47) a history of

holecystectomy. The final analysis included 113 patients, showing 

 short-term (2–4 weeks) response to an average dose of 8 g/day of 

holestyramine in 75% and 74% of patients with and without chole- 

ystectomy, respectively. Long-term response rates (median follow- 

p of 24 months) were 57% and 52%, respectively. Patients with 

ore severe BA loss demonstrated a significantly better response 

han those with less severe BA loss. 

Cholestyramine (4 g twice daily for 8 weeks) was also tested in 

 double-blind study versus hydroxypropylcellulose (not a placebo) 

n patients (n = 13 per arm) with functional watery diarrhea and an 

bnormal 75 SeHCAT test ( < 20%) [ 80 ]. Both treatments reduced the 

umber of liquid stools, but the reduction was more pronounced 

n the cholestyramine group [ 80 ]. 

Another BAS, colesevelam, was investigated in an open-label 

tudy involving 12 patients with BAD and confirmed BA hyperpro- 

uction (based on baseline stool BA excretion and serum C4) [ 81 ]. 

olesevelam, administered at a dose of 1875 mg twice daily, sig- 

ificantly improved stool consistency but had no significant effect 

n bowel movements per week. However, a subsequent placebo- 

ontrolled, double-blind study using the same dosage (1875 mg 

wice daily) in 30 patients with BAD failed to show significant ef- 

ects after a 4-week trial [ 61 ]. 

Colesevelam was also tested in a double-blind, placebo- 

ontrolled study of 34 patients with Crohn’s disease in clin- 

cal remission (Crohn’s activity index < 150, normal CRP lev- 

ls) but abnormal stool frequency [ 82 ]. All participants had el- 

vated C4 levels (cut-off > 50 ng/ml). After 4 weeks, patients 

n the treatment group showed a significant reduction in liq- 

id stools and improved stool consistency compared to placebo. 

n a recent double-blind study, approximately 60% of patients 

chieved remission with colesevelam, compared to about 15% with 

lacebo [ 83 ]. 

The most recent Canadian guidelines [ 84 ] recommend 

holestyramine as the first-line treatment for BAD. Alternative 

ASs can be used in cases of cholestyramine intolerance. Inter- 

stingly, BASs are not recommended for patients with Crohn’s 

isease and extensive ileal resections due to the potential increase 

n steatorrhea, though alternative approaches were not suggested. 

aintenance treatment should be administered on an intermit- 

ent, on-demand basis using the lowest dose to minimize side 

ffects. No recommendations were made for monitoring fat-soluble 

itamins. 

.3. Adverse effects of BASs 

Adverse effects associated with BASs like cholestyramine or 

olestipol, when administered as powders or granules, include 

oor taste, often leading to treatment discontinuation. Other is- 

ues may include constipation (which can often be resolved by 

ose reduction), flatulence, nausea, and epigastric pain. BASs are 

lso known to interfere with the absorption of other medica- 

ions and should, therefore, be administered with a time gap of 

 to 4 hours before or after other medications [ 84 ]. Colesevelam, 

hich is administered in tablet form, avoids the issue of poor taste 

nd appears to have fewer interactions with co-medications. How- 

ver, some interactions have been reported, such as with warfarin, 

evothyroxine, and contraceptives [ 85 ]. In cases of reduced serum 

evels of fat-soluble vitamins, oral supplementation should be con- 

idered. 
685
.4. Other treatments 

Farnesoid X receptor agonists may represent promising thera- 

eutic approaches by reducing hepatic bile acid (BA) production. 

beticholic acid, which is licensed for the treatment of primary 

iliary cholangitis, has been investigated in an open-label study. 

he study involved administering 25 mg daily for 2 weeks to 10 

atients with primary BAD assessed with 75 SeHCAT, 10 patients 

ith secondary BAD due to ileal resections, and 8 patients with 

BS-D and normal 75 SeHCAT results [ 86 ]. In both primary and sec- 

ndary BAD, but not in IBS-D without BAD, obeticholic acid im- 

roved stool form and stool index. The stool index is a composite 

easure calculated from the number and consistency of stools and 

operamide use. Another farnesoid X receptor agonist, tropifexor, 

dministered at a daily dose of 60 g over 14 days, demonstrated 

n a double-blind, placebo-controlled study a significant slowing of 

ransit in the ascending colon, indicating its potential role in treat- 

ng BAD [ 87 ]. 

Eluxadoline, a mixed κ-/ μ-opioid agonist and δ-opioid antago- 

ist, showed comparable efficacy in an open-label study in patients 

ith IBS-D, with or without BAD. BAD was assessed through serum 

4 and fecal BA measurements [ 88 ]. The treatment, given at 100 

g b.i.d. over 4 weeks, showed similar but modest effects in both 

roups. 

A recent randomized, double-blind, active-comparator, double- 

ummy, non-inferiority clinical trial assessed the efficacy of the 

lucagon-like peptide-1 (GLP-1) analogue liraglutide compared to 

olesevelam in patients with 75 SeHCAT-verified moderate-to-severe 

rimary BAD. The primary endpoint was the proportion of partic- 

pants experiencing a reduction in daily stool frequency by 25% or 

ore after 6 weeks of treatment. Results showed that 20 (77%) 

f 26 participants on liraglutide and 13 (50%) of 26 on coleseve- 

am achieved a 25% or greater reduction in stool frequency, cor- 

esponding to a significant risk difference of -27% in favor of li- 

aglutide [ 89 ]. Since the effect of liraglutide might be due to its 

mpact on reducing motility rather than a specific effect on BAD 

echanisms, further studies are needed to assess whether GLP-1 

nalogues could represent a potential alternative treatment to bile 

cid sequestrants. 

. Conclusions 

In conclusion, BASs are effective in treating several subtypes 

f BAD, but their use is limited by issues of palatability. Palata- 

ility is improved with colestipol or colesevelam, which are avail- 

ble in tablet form, though the latter is more expensive compared 

o cholestyramine and colestipol, and both are not available in 

any countries. Newer approaches, including farnesoid X recep- 

or agonists, opioid agonists/antagonists, or GLP-1 analogues, ap- 

ear promising but require further investigation. 
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