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Abstract

Background: Bile acid malabsorption (BAM) is characterized by 
chronic watery diarrhea resulting from excessive bile acids in the 
feces. BAM is often an overlooked cause of chronic diarrhea, with 
its prevalence not being sufficiently researched. This review aimed 
to assess existing literature that explores diverse treatment strategies, 
to review the published studies that examine the various therapies for 
BAM patients, emphasizing their influence on clinical results.

Methods: We conducted a comprehensive review of various databases, 
including PubMed, Scopus, Web of Science, Cochrane Database, and 
EMBASE. Our criteria for inclusion focused on randomized controlled 
studies (RCTs) that evaluated the effectiveness of different treatment 
options for patients with BAM. To rank the treatments, we adopted the 
frequentist approach through the “netrank” function of the network me-
ta-analysis (NMA). Moreover, we utilized the “netsplit” function in the 
NMA to separate direct and indirect evidence. Our analysis was carried 
out using RStudio version 1.4.1717 (2009 - 2021 RStudio, Inc.), and we 
used the “netmeta” and “meta” packages for NMA.

Results: We found seven relevant articles involving 213 participants, 
the average age being approximately 50 years, including 53 males 
and 92 females. Of the drugs examined, tropifexor was proved to be 
the most effective in raising the fibroblast growth factor 19 (FGF19) 
levels and reducing the 7 alpha-hydroxy-4-cholesten-3-one (C4) 
levels, compared to the placebo (mean difference (MD) = 335.30, 
95% confidence interval (CI) (334.86, 335.74), MD = -24.60, 95% 
CI (-25.37, -23.83); respectively). Compared to colesevelam and the 
placebo, liraglutide was more efficient in decreasing fecal bile acid 
concentration (liraglutide; MD = -19, 95% CI (-37.61, -0.39)).

Conclusions: Tropifexor has been identified as the most successful 
medication in mitigating BAM symptoms. To ensure more accurate 
results, there is a need for randomized controlled clinical trials that 
involve a larger participant pool.

Keywords: Bile acid malabsorption; Bile acid diarrhea; Colesty-
ramine; Colesevelam; Tropifexor; Loperamide; Liraglutide; Network 
meta-analysis

Introduction

Bile acid malabsorption (BAM), also known as bile acid diar-
rhea (BAD), is a disorder in the enterohepatic circulation. This 
condition leads to an excess of bile acids making their way to 
the colon, resulting in increased fluid secretion, mucus produc-
tion, and gut motility [1]. These effects present themselves as 
symptoms such as diarrhea, bloating, fecal urgency, and loss of 
bowel control [1]. BAM affects around 1% of the general pop-
ulation and is prevalent in 25% to 50% of patients diagnosed 
with irritable bowel syndrome with diarrhea (IBS-D) [2].

There are three recognized types of BAM. The first type, 
initially described by Hofmann et al [3] and Poley et al [4], is 
caused by the resection of the ileum and results in symptoms 
like diarrhea and mild steatorrhea. The second type is idio-
pathic, meaning it lacks an identifiable cause, and there are no 
discernible histological abnormalities in the ileum. However, 
recent research has indicated a link between this type and de-
creased plasma levels of fibroblast growth factor 19 (FGF19), 
which is known to inhibit bile acid production in the liver. The 
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third type is associated with chronic pancreatitis, celiac dis-
ease, and bacterial overgrowth in the small intestine.

The selenium-75-homocholic acid taurine (75SeHCAT) 
test is one of the most dependable diagnostic methods for iden-
tifying BAM [1]. This test has high sensitivity and specificity, 
ranging between 80-90% and 70-100%, respectively. An al-
ternative diagnostic tool is the 7 alpha-hydroxy-4-cholesten-
3-one (C4) test, which indicates BAM when high levels of 
plasma C4 are detected. For type 1 BAM, this test has a sen-
sitivity of 90% and a specificity of 77%. Type 2 BAM offers 
a sensitivity of 97% and a specificity of 74%. Furthermore, 
the evaluation of blood levels of FGF19 is also diagnostically 
relevant in BAM. This factor has an inverse relationship with 
C4 and a positive one with 75SeHCAT [4-9].

When the cause of BAM can be identified, therapy should 
be specifically targeted toward treating the underlying condi-
tion. In cases where the cause remains unknown, interventions 
may include a low-fat diet (less than 30 g per day), convention-
al anti-diarrheal medications, or bile acid sequestrants (BAS) 
[3]. BAS class of drugs contains three primary components: 
colestyramine, colestipol, and colesevelam, which are com-
mercially available [10, 11].

While there is a lack of extensive studies on the efficacy 
of colesevelam, research by Odunsi-Shiyanbade et al in 2010 
[10] and Wedlake et al in 2009 [11] suggested it could be effec-
tive. It has been observed that patients who failed to respond 
to colestyramine responded well to colesevelam, with many of 
them continuing long-term treatment. Given its palatable taste, 
colestipol may be a more practical and better-tolerated option 
than colestyramine [12].

Additional research is essential to determine the most effec-
tive medication for treating BAM. As such, we conducted a sys-
tematic review and network meta-analysis (NMA) to evaluate 
the efficacy of several drugs, including colestyramine, coleseve-
lam, tropifexor, loperamide, and liraglutide, in managing BAM.

Materials and Methods

We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines, as well as 
the Cochrane Handbook for Systematic Reviews, in conduct-
ing our research [13, 14]. The study protocol was registered 
on the Open Science Framework (OSF) (registration digital 
object identifier (DOI): 10.17605/OSF.IO/4FRAC).

Institutional Review Board (IRB) approval

The NMA research involves synthesizing and comparing data 
from multiple previously published studies rather than collect-
ing primary, new data from human participants. Given that it 
is a secondary analysis of existing public data, and no further 
data is being collected directly from participants, there is no 
direct interaction or intervention with human subjects. As a re-
sult, IRB approval, which primarily ensures the protection of 
the rights and welfare of human research participants, is not 
usually required for NMA.

Human research ethics

Our meta-analysis research study solely involved collecting 
and analyzing data from previously published studies and 
did not entail any direct experimentation on humans. Con-
sequently, there was no necessity for human research ethics 
approval.

Search term

PubMed, Scopus, Web of Science, Cochrane, and EMBASE 
were searched through March, 2023, using the following 
search strategy without any restrictions: (colestyramine OR 
resin OR colestyramin OR MK-135 OR Questran OR cuemid 
OR quantalan OR Cholybar OR Olestyr OR Locholest OR 
Prevalite OR Novo-cholamine OR colestipol OR U-26597 OR 
Colestid OR Cholestabyl OR colesevelam OR CholestaGel 
OR Welchol OR GT-31104 OR Lodalis OR loperamide OR 
R-18553 OR Imodium OR Maalox OR Imotil OR Diamode 
OR codeine OR methylmorphine OR isocodeine OR Ardinex 
OR aluminium hydroxide OR Alumina OR Alugel OR Alge-
ldrate OR Rocgel OR Brasivil OR Dialume OR Nephrox OR 
Pepsamer OR Alhydrogel OR Amphojel OR Alumanetriol OR 
Basalgel OR Aldrox OR Amphojel OR Alu-Cap OR Dialume 
OR Alu OR Alternagel OR Aloh OR liraglutide OR Victoza 
OR Saxenda OR NN-2211) AND (bile acid-induced diarrhea 
OR cholerheic OR choleretic OR bile salt diarrhea OR bile salt 
malabsorption OR bile acid malabsorption OR BAM).

Eligibility criteria

We exclusively focused on English-written randomized con-
trolled trials (RCTs) that assessed the effectiveness of colesty-
ramine, colesevelam, tropifexor, loperamide, liraglutide, or 
their combinations for treating BAM or BAD. We did not 
consider animal studies, cohort and observational studies, 
literature reviews, meta-analyses, book chapters, theses, edi-
torials, letters, or publications in other languages. Two sepa-
rate reviewers conducted the selection process, evaluating the 
studies’ appropriateness across three screening phases using 
an Excel spreadsheet. A third reviewer intervened in cases of 
discrepancies between the first two.

Risk of bias assessment

We utilized the Cochrane tool version 2 for both parallel and 
cross-over RCTs. This tool covers six domains: randomization 
process, divergence from planned interventions, missing out-
come data, outcome measurement, selection of reported results, 
and overall bias. Notably, the risk of bias due to period and car-
ryover effects is a domain unique to the cross-over tool. Each 
domain was classified as yes, probably yes, no, or no informa-
tion. Any disagreements were subsequently discussed and re-
solved. Due to the limited number of studies included, we were 
unable to conduct an Egger’s test for publication bias [15].
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Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) RCT reporting the 
evaluation of the efficacy of several drugs, including colesty-
ramine, colesevelam, tropifexor, loperamide, and liraglutide, 
in managing BAM; 2) publications reporting sufficient data 
to establish statistical analysis; and 3) studies published as 
original articles. The exclusion criteria were as follows: 1) Full 
text not electronically accessible; 2) Publication in a language 
other than English; 3) Observational studies, comments, let-
ters, editorials, protocols, guidelines, and review papers; and 
4) Studies with insufficient outcome data.

Extraction of data

We used an Excel spreadsheet to compile the following data. 
Initially, we collected fundamental and summary details such 
as the number of participants in the study, the study’s design, 
inclusion criteria, the treatment plan prescribed, any pre-exist-
ing gastrointestinal conditions, the participants’ gender, age, 
and body mass index (BMI). Subsequently, we documented ef-
fectiveness outcomes, which included daily bowel movement 
frequency, stool classification according to the Bristol Stool 
Form Scale (BSFS), FGF19 levels in pg/mL, C4 levels in ng/
mL, and the total amount of fecal bile acids in mol/g. Two 
authors independently performed this data extraction process. 
Any discrepancies encountered were settled through a collec-
tive discussion among the reviewers.

Data synthesis and analysis

To synthesize the data, we calculated the post-treatment means. 
When the standard deviation was not presented directly, we 
computed it using algebraic recalculation or other approxima-
tion methods. If necessary, data for analysis were not provided, 
we inferred it from published median values, ranges, or confi-
dence intervals. To assess the heterogeneity among the trials, 
we used I2 statistics. Where heterogeneity was observed, we 
utilized a random-effects model; otherwise, a fixed-effect mod-
el was applied. We employed the frequentist approach for rank-
ing the various treatment options, using the “netrank” function 
within the network. The NMA “netsplit” function was used to 
separate direct and indirect evidence. All our analyses were 
conducted using RStudio version 1.4.1717 (2009- 2 021 RStu-
dio, Inc.), applying the NMA packages “netmeta” and “meta”.

Results

Results of literature search and data collection

Our search across five databases resulted in 2,730 unique ar-
ticles. Upon review of titles and abstracts, we discarded 2,636 
papers that did not meet our eligibility criteria. After conducting 
a full-text screening, we further excluded 87 articles. We finally 

selected seven articles (with six suitable for analysis) that satis-
fied our inclusion criteria [10, 16-21]. Out of these, five were 
parallel RCTs, one was a cross-over study with full text avail-
able, and one was an abstract [10, 16-21]. Figure 1 presents a de-
tailed breakdown of our search results and the reasons for article 
exclusion. Table 1 [10, 16-21] presents a summary of the includ-
ed RCTs. Our research encompassed 213 participants, averaging 
around 50 years of age, consisting of 53 males and 92 females. 
The summary and foundational characteristics of the studies are 
illustrated here (Supplementary Material 1, 2, www.jocmr.org).

Results of risk of bias assessment

All studies, except those by Odunsi-Shiyanbade et al [10] 
(2010) and Camilleri et al [18] (2020), were evaluated as 
low risk in the randomization process due to the absence of 
adequate information about allocation concealment, randomi-
zation, and baseline balance. As for intended interventions, 
all the included studies apart from the study of Camilleri et al 
[18] (2020) were deemed as having a minimal risk of bias in 
terms of deviation from planned treatments. All incorporated 
articles were assessed as low risk concerning missing outcome 
data, outcome measurement, and selection of reported results. 
In terms of overall domains, all studies were judged to have a 
low risk, except for the study of Odunsi-Shiyanbade et al [10] 
(2010), which was deemed to have some concerns, and Camill-
eri et al [18] (2020), which was evaluated as high risk (Fig. 2).

Frequency of stool per day

This analysis revealed no significant difference in the ability of 
the investigated drugs, when compared to a placebo, to reduce 
daily stool frequency in patients with BAM (colestyramine; 
mean difference (MD) = -11.85, 95% confidence internal (CI) 
(-25.94, 2.25), liraglutide; MD = -1.01, 95% CI (-3.11, 1.09), 
colesevelam and loperamide; MD = -2.71, 95% CI (-37.95, 
32.52), loperamide; MD = -0.01, 95% CI (-21.88, 21.85) and 
colesevelam; MD = -0.21, 95% CI (-1.17, 0.74)) (Fig. 3).

FGF19 (pg/mL)

As illustrated in Figure 4, tropifexor emerged as the most ef-
fective medication in increasing FGF19 levels compared to a 
placebo, among the drugs included in our study (MD = 335.30, 
95% CI (334.86, 335.74)). Conversely, colesevelam (MD = 
-78.07, 95% CI (-119.13, -37.01)) and colestyramine (1 g/day) 
(MD = -51.70, 95% CI (-86.14, -17.26)) decreased FGF19 lev-
els. The other medicines, liraglutide (MD = -21.41, 95% CI 
(-86.37, 43.55)) and colestyramine (250 mg/day) (MD = 85.60, 
95% CI (-58.36, 229.56)), demonstrated inconclusive results.

C4 (ng/mL)

As shown in Figure 5, tropifexor emerged as the most potent 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org36

Treatment Strategies for BAM Patients J Clin Med Res. 2024;16(2-3):33-45

medication in decreasing the C4 levels compared to the place-
bo among the drugs included in our study (MD = -24.60, 95% 
CI (-25.37, -23.83)). In contrast, colesevelam (MD = 102.84, 
95% CI (52.52, -153.16)) and colestyramine (1 g/day) (MD = 
39.45, 95% CI (8.95, 69.95)) caused an increase in C4 levels. 
Other medications like liraglutide (MD = -4.83, 95% CI (-92, 
82.34)) and colestyramine (250 mg/day) (MD = 11.65, 95% CI 
(-22.27, 45.57)) did not present significant results.

BSFS

There was not a significant difference between the drugs in-
cluded and the placebo in decreasing the BSFS in patients with 
BAM. Specifically, colesevelam had a MD of -0.61, with a 
95% CI ranging from -1.22 to 0.00. Similarly, liraglutide had 
an MD of -0.35, with a 95% CI between -1.65 and 0.95 (Fig. 6).

Fecal total bile acids (µmol/g)

The findings from our study indicate that liraglutide was more 

effective than colesevelam in reducing the concentration of fe-
cal bile acids when compared to the placebo. Specifically, lira-
glutide had a MD of -19, with a 95% CI ranging from -37.61 
to -0.39. Conversely, colesevelam had an MD of -9.53, with a 
95% CI between -26.11 and 7.05 (Fig. 7).

Table 1 [10, 16-21] presents the characteristics of the 
studies included in our network meta-analysis, while Table 2 
details the mechanisms of action for different treatments of 
BAM, including colestyramine, colesevelam, tropifexor, lop-
eramide, and liraglutide.

Discussion

This study examines the effectiveness of different treatment 
options for BAM. Our goal was to investigate and contrast the 
success of various therapeutic strategies for treating BAM in 
patients afflicted with inflammatory bowel disease. We specif-
ically assessed their impact on clinical outcomes, focusing on 
FGF19 and C4 levels, along with fecal bile acid concentration.

Our NMA indicated that tropifexor outperformed other 
drugs in terms of increasing FGF19 levels and reducing C4 

Figure 1. PRISMA flow diagram for literature search. PRISMA: the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis; PICO: patient, intervention, comparison, and outcome.
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levels. Liraglutide emerged as the most effective drug in re-
ducing bile concentration in stools. On the other hand, co-
lesevelam and colestyramine, which bind to and isolate bile 
acid in the feces, were observed to increase C4 levels while 
simultaneously reducing FGF19 levels, thus elevating the total 
fecal bile acid.

Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor 
agonist, was more effective in decreasing fecal bile acid con-
centration than colesevelam and placebo. This finding further 
establishes the role of liraglutide in gut motility and the se-
cretion of gastrointestinal hormones, which can influence bile 
acid reabsorption, facilitating passive bile acid reabsorption 
and consequently decreasing the volume delivered to the colon 
[21, 22]. Bile acid triggers the activation of the Farnesoid X re-
ceptor (FXR) during reabsorption, which escalates the release 
of FGF19 and curbs bile acid secretion [22]. This sequence of 
events contributes to the reduction of fecal bile acid levels by 
diminishing motility and enhancing absorption. FXR agonists, 
both directly and indirectly, are crucial during bile acid biosyn-
thesis via FGF19 [23]. Bile acid stimulates the FXR receptor, 
which is found in various organs including the liver, intestines, 
and kidneys [24]. FXR agonists include tropifexor, obeticholic 
acid, and chenodeoxycholic acid (CDCA).

Tropifexor, a non-bile acid FXR agonist, demonstrated the 
most substantial impact on raising FGF19 levels and reducing 
C4 levels compared to placebo, making it a promising option 
for managing BAM. Our results echo existing literature sup-
porting the role of FGF19 in regulating bile acid synthesis and 
suggesting that increasing FGF19 levels could be beneficial 
in the management of BAM. Furthermore, our findings align 
with other studies reporting that an elevated C4 level, a marker 
of bile acid synthesis, is related to BAM, therefore, its reduc-
tion is a desired outcome. Research by Pellicciari et al [25] 
in 2004 suggested that obeticholic acid is more potent than 
chenodeoxycholic acid (CDCA) [25]. Moreover, two studies 
confirmed the effectiveness of obeticholic acid in BAM treat-
ment [26, 27].

In the study by Appleby et al [16] in 2017, colestyramine 
was found to decrease FGF19 levels; however, it showed no 
impact on the release of colonic pellets in BAM patients. The 
reduction in FGF19 levels was 28% in BAM patients, com-
pared to 58% in healthy participants. Nonetheless, due to the 
premature cessation of enrollment, the study suffered from 
reduced statistical power [16]. Another study conducted by 
Odunsi-Shiyanbade et al [10] in 2010 found no significant dif-
ference between colesevelam and placebo. Beigel et al [17] 
in 2014 observed that colesevelam significantly reduced stool 
frequency, improved stool consistency, and served as an alter-
native for patients with Crohn’s disease who did not respond 
to cholestyramine. However, the study fell short in terms of 
sample size, requiring 46 patients but analyzing only 26.

The 2020 study by Camilleri et al [18] also had similar sta-
tistical power limitations due to the early halt in recruitment. 
Nevertheless, they concluded that tropifexor demonstrated 
satisfactory safety and tolerability in primary BAM patients. 
While in a 2022 study by Karhus et al [20], colesevelam was 
found to reduce bowel frequency by 25% in patients with mod-
erate-to-severe BAM, while liraglutide reduced stool frequen-
cy by 27% and absorbed bile acids and C4 more efficiently R
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Figure 3. The forest network plot for the analysis of the frequency of stool per day outcome. The study demonstrated no substan-
tial difference between the examined drugs and placebo in terms of their efficacy in decreasing daily stool frequency. MD: mean 
difference; CI: confidence interval.

Figure 2. Risk of bias assessment for included studies.
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Figure 4. The forest network plot for the analysis of the FGF19 (pg/mL) outcome. The chart illustrates that tropifexor was the 
most potent drug in elevating FGF19 levels, outperforming the placebo and other drugs in our study. MD: mean difference; CI: 
confidence interval; FGF19: fibroblast growth factor 19.

Figure 5. The network forest plot that analyses the C4 (ng/mL) outcome. This visualization demonstrates that tropifexor stands 
out as the most effective drug in reducing C4 levels when compared to placebo among the assessed medications. MD: mean 
difference; CI: confidence interval.
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Figure 6. The network forest plot that analyses the Bristol Stool Form Scale (BSFS) outcome. The plot reveals no substantial 
difference between the tested drugs and the placebo when it comes to reducing the BSFS score in patients diagnosed with BAM. 
MD: mean difference; CI: confidence interval; BAM: bile acid malabsorption.

Figure 7. The forest network plot for the analysis of total fecal bile acids (µmol/g) outcome. The plot demonstrates that liraglutide 
was more effective than colesevelam in diminishing fecal bile acid concentrations when compared with a placebo. MD: mean 
difference; CI: confidence interval.
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than colesevelam.
Existing research has demonstrated the effectiveness of 

colestyramine and colestipol in treating patients with BAM 
[12, 28]. Patients tend to tolerate colestipol better due to its 
more appealing taste. Colesevelam presents a viable alternative 
for those unresponsive to colestyramine [10-12]. However, it 
should be noted that it can limit the bioavailability of several 
drugs, including warfarin, digoxin, diuretics, beta-blockers, 
and fat-soluble vitamins. Therefore, these drugs should be con-
sumed 1 h before ingesting BAS [29-30].

Additionally, regular monitoring for deficiencies in fat-
soluble vitamins is recommended, especially for pregnant or 
breastfeeding women. Vitamin supplementation may be nec-
essary, with careful scheduling to ensure appropriate intervals 
between doses. Dietary modifications may also significantly 
contribute to the alleviation of BAM symptoms [19, 31, 32].

Given the results of our NMA, clinicians should be aware 
of the potential therapeutic advantages of tropifexor in manag-
ing BAM, especially in patients where conventional treatments 
may have been suboptimal. The noted efficacy of tropifexor in 
elevating FGF19 levels and reducing C4 levels suggests its po-
tential as a front-line therapy for BAM, particularly in patients 
with a more pronounced imbalance of these markers. Further-
more, the superior efficiency of liraglutide in decreasing fecal 
bile acid concentration compared to colesevelam and placebo 
sheds light on an alternative therapeutic avenue for clinicians 
to explore [19].

In terms of future research, it would be valuable to delve 
into the mechanism of action of these drugs at a molecular 
level to understand their effects more comprehensively. Addi-
tionally, observational studies could be beneficial in assessing 
long-term outcomes and potential side effects of these treat-
ments in real-world settings. Lastly, investigating patient sub-
groups based on the severity of BAM or associated comorbidi-
ties might provide more tailored therapeutic recommendations 
for individualized patient care.

While our findings contribute meaningful insights into the 
management of BAM, they should be viewed tentatively due 
to several limitations. Firstly, the relatively small sample size, 
resulting from the limited availability of eligible studies, hin-
ders the robustness of our results. The varied patient profiles 

included in our study may also affect the generalizability of the 
findings. In addition, our study primarily concentrated on the 
immediate impact of the interventions on clinical outcomes. 
However, future research should consider patients’ quality of 
life, given that symptoms like chronic diarrhea can consider-
ably affect daily activities. It is also crucial to investigate these 
treatments’ potential long-term side effects, a perspective our 
study did not explore. In meta-analysis studies, subgroup anal-
ysis is a valuable method to explore potential sources of het-
erogeneity and to gain insights into specific subpopulations. 
However, when fewer than 10 RCTs are available, conducting 
a subgroup analysis can be challenging and potentially mis-
leading. With a limited number of studies, there is a height-
ened risk of type I errors, where false-positive results can be 
identified. Moreover, with such a small sample size, the power 
to detect genuine subgroup effects is diminished, leading to 
potential type II errors. Additionally, the sparseness of data 
might lead to imprecise and unstable estimates, undermining 
the reliability and validity of the subgroup findings. Therefore, 
in the context of meta-analyses with fewer than 10 RCTs, it 
is generally advisable to approach or forgo subgroup analyses 
with caution.

Above all, the necessity for larger, high-quality RCTs is 
emphasized by our study. To secure a more solid evidence base 
for BAM management, it is essential that future research en-
gage more participants in RCTs.

In sum, while our study illuminates possible treatment 
strategies for BAM, it also highlights the urgent need for fur-
ther, more extensive research in this field. Considering the im-
pact of BAM on the quality of life of patients with inflamma-
tory bowel disease, the implementation of these interventions 
should be guided by more robust evidence to ensure the best 
patient outcomes.

Conclusions

Our study found tropifexor to be the most effective medication 
in boosting FGF19 levels and reducing C4 levels. Liraglutide 
emerged as the most potent treatment for reducing fecal bile 
acid concentrations.

Table 2.  Mechanism of Action of Colestyramine, Colesevelam, Tropifexor, Loperamide, and Liraglutide for Treatment of Bile Acid 
Malabsorption

Drug Mechanism of action
Colestyramine Cholestyramine resin adsorbs and combines with the bile acids in the intestine to form an insoluble complex which is excreted 

in the feces. This results in a partial removal of bile acids from the enterohepatic circulation by preventing their absorption.
Colesevelam Colesevelam hydrochloride is a non-absorbed, lipid-lowering polymer that binds bile acids in the intestine, impeding their 

reabsorption.
Tropifexor Activation of tropifexor inhibits bile acid synthesis and increases bile acid conjugation, transport, and excretion, thereby 

protecting the liver from the harmful effects of bile accumulation, leading to considerable interest in tropifexor as a therapeutic 
target for the treatment of cholestasis and nonalcoholic steatohepatitis.

Loperamide Loperamide, a synthetic opiate agonist, decreases peristaltic activity and inhibits secretion, resulting in the reduction of fluid 
and electrolyte loss and an increase in stool consistency.

Liraglutide Through liraglutide-induced prolongation of small intestinal transit time allowing a greater degree of passive and active bile 
acid reabsorption through the small intestine and thereby reducing spillover of bile acids.
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