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Does Your Patient Have

Bile Acid Malabsorption?

John K. DiBaise

Bile acid malabsorption is a common but underrecognized cause of chronic watery
diarrhea, resulting in an incorrect diagnosis in many patients and interfering and
delaying proper treatment. In this review, the synthesis, enterohepatic circulation,
and function of bile acids are briefly reviewed followed by a discussion of
bile acid malabsorption. Diagnostic and treatment options are also provided.

INTRODUCTION

n 1967, diarrhea caused by bile acids was
Iﬁrst recognized and described as cholerhetic

(‘promoting bile secretion by the liver’)
enteropathy.! Despite more than 50 years since
the initial report, bile acid diarrhea remains an
underrecognized and underappreciated cause of
chronic diarrhea. One report found that only 6%
of British gastroenterologists investigate for bile
acid malabsorption (BAM) as part of the first-line
testing in patients with chronic diarrhea, while 61%
consider the diagnosis only in selected patients
or not at all.> As a consequence, many patients
are diagnosed with other causes of diarrhea or
are considered to have irritable bowel syndrome
(IBS) or functional diarrhea by exclusion, thereby
interfering with and delaying proper treatment. A
key objective of this review is to raise awareness of
this clinical condition so that it may be considered
in the differential diagnosis of chronic diarrhea.

John K. DiBaise, MD Professor of
Medicine, Division of Gastroenterology and
Hepatology, Mayo Clinic, Scottsdale, AZ
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We will first describe bile acid synthesis and
enterohepatic circulation, followed by a discussion
of disorders causing bile acid malabsorption
(BAM) including their diagnosis and treatment.

Bile Acid Synthesis

Bile acids are produced in the liver as end products of
cholesterol metabolism. Bile acid synthesis occurs
by two pathways: the classical (neutral) pathway
via microsomal cholesterol 7a-hydroxylase
(CYP7A1), or the alternative (acidic) pathway via
mitochondrial sterol 27-hydroxylase (CYP27A1).
The classical pathway, which is responsible for
90-95% of bile acid synthesis in humans, begins
with 7a-hydroxylation of cholesterol catalyzed
by CYP7AL, the rate-limiting step.’ This pathway
occurs exclusively in the liver and gives rise to two
primary bile acids: cholate and chenodeoxycholate.
Importantly, as will be discussed further in
the diagnosis of BAM section, 7-o-hydroxy-
4-cholesten-3-one (aka, C4) is a metabolic
intermediate in the rate limiting step for the
synthesis of bile acids and correlates well with fecal
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bile acid loss. Newly synthesized bile acids are
conjugated with glycine or taurine and secreted into
the biliary tree; in humans, most of the bile acids
are conjugated to glycine.* Conjugation is a very
important step in bile acid synthesis converting
weak acids to strong acids, which are fully
ionized at biliary and intestinal pH, and making
them hydrophobic (lipid soluble) and membrane
impermeable. These properties aid in digestion of
lipids and also decrease the passive diffusion of bile
acids across cell membranes during their transit
through the biliary tree and small intestine.® This
allows maximum lipid absorption throughout the
small intestine without sacrificing bile acid loss.

Enterohepatic Circulation
After their involvement in micelle formation, about
95% of the conjugated bile salts are reabsorbed
in the terminal ileum and returned to the liver via
the portal venous system for eventual recirculation
in a process known as enterohepatic circulation;
only a small proportion (3-5%) are excreted into
the feces (Figure 1).%7

Enterohepatic circulation requires carrier-
mediated transport.® First, the bile acids are
actively transported from the intestinal lumen into
the enterocyte via a network of efficient sodium-
dependent apically located co-transporters (ileal
bile acid transporters)®’ in the distal ileum up to 100
cm proximal to the ileocecal valve.’ The bile acids
are then transported into the portal venous system
via a basolateral transport system consisting of 2
proteins, organic solute transporter (OST)-a and
OST-8, and returned to the liver. In the liver, they
are efficiently extracted by basolateral transporters
on the hepatocytes and added to the bile acid pool.
The liver must then only replace the small amount
of bile acids that are not recirculated and instead
excreted into the feces (about 0.3-0.5 g/day). In
humans, approximately 12 g of bile acids are
secreted into the intestine daily. Efficient recycling
allows the maintenance of a bile acid pool of about
2-3 g, which typically cycles 4-6 times/day.'°

The size of the bile acid pool is tightly
controlled by a complex regulatory pathway.
Bile acid synthesis is under negative feedback
regulation by which bile acids downregulate
their own biosynthesis by binding to the nuclear
receptor, farnesoid X receptor (FXR), thereby
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Figure 1. Enterohepatic circulation of bile acids.
See text for details.

BA, bile acid; CA, cholic acid; CDCA, chenodeoxycholic
acid; DCA, deoxycholic acid; LCA, lithocholic acid;
FGF, fibroblast growth fact 19; C4, 7-a-hydroxy-4-
cholesten-3-one.

Reprinted from Vijayvargiya P and Camilleri
M. Gastroenterology 2019;156:1233-1238 with
permission from Elsevier.

inducing the synthesis of a repressor protein, which
downregulates the rate-limiting enzyme in bile acid
synthesis, CYP7A1." Recently, fibroblast growth
factor 19 (FGF19), acting via FXR, was shown to
be stimulated by bile acids in the ileal enterocyte.'
FGF19 is then released from the enterocyte and
travels to the liver where, acting together with
B-klotho, it activates the FGF receptor 4 (FGFR4)
on the hepatocyte leading to a phosphorylation
cascade that downregulates bile acid synthesis
(Figure 2).13

A small proportion of the secreted bile acids
reach the colon where they are deconjugated
(removing the taurine or glycine) and
dehydroxylated (removing the 7-OH group) by
bacteria to produce the secondary bile acids,
deoxycholate and lithocholate. A small fraction
of these secondary bile acids are absorbed by the
colonic epithelium; however, most are eliminated
in the feces.

Bile Acid Function

Bile acids play a key role in the absorption of
lipids in the small intestine. Upon stimulation by
ameal (via cholecystokinin release), bile acids are
expelled from the gallbladder into the bile duct
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and then enter the lumen of the small intestine
where they solubilize dietary lipids in a multistep
process.'* First, they emulsify the lipids, dispersing
the droplets and increasing the surface area for
digestive enzymes. Next, they form micelles with
the products of lipid digestion, allowing the normally
hydrophobic lipids to dissolve into the aqueous
luminal environment. The micelles then diffuse
to the brush-border membrane of the intestinal
epithelium whereby the lipids are released from
the micelles and diffuse down their concentration
gradients into the cells. Once released, the bile
acids are left behind in the intestinal lumen until
they are absorbed in the terminal ileum. Of note,
some degree of passive absorption of bile acids
occurs throughout the length of the small bowel.
The presence of bile acids in the intestinal lumen
allows maximal absorption of lipids throughout
the small intestine; however, the majority of fat
absorption occurs in the proximal 100 cm of the
jejunum.

Multiple other functions of bile acids have also
been described including:

+ Contribute to cholesterol metabolism by
promoting the excretion of cholesterol.!

* Denature dietary proteins, thereby
accelerating their breakdown by pancreatic
proteases.'”

* Direct and indirect antimicrobial effects.'®
In this capacity, recent evidence suggests bile
acids are mediators of high-fat diet-induced
changes in the gut microbiota.!”

» Act as signaling molecules outside of the
gastrointestinal tract.'®

Clinical Presentation and Role of

Bile Acids in Bile Acid Malabsorption
Nonbloody diarrhea is the hallmark symptom of
BAM. In an online survey of 100 patients with
BAM out of 1300 members of a BAM support
group, 85% reported fecal urgency, 54% abdominal
pain, 88% occasional fecal incontinence, and
52% felt the need to be close to the bathroom."
Among those with abdominal discomfort, 40%
reported fatigue and at least 60% ‘brain fog’, which
prevented work efficiency. After treatment with
bile acid sequestrants, gastrointestinal and systemic
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Figure 2. Molecular mechanisms responsible for the
control of bile acid synthesis. See text for details.
Reprinted from Rao AS et al. Chenodeoxycholate in
females with irritable bowel syndrome-constipation:
a pharmacodynamic and pharmacogenetic
analysis. Gastroenterology 2010;139:1459-1558
with permission from Elsevier.

symptoms improved or resolved by at least 50%,
and there was a significant improvement in work
absences and altered work hours.

Excess bile acids entering the colon contribute
to the classical symptoms associated with BAM.
Bile acids stimulate secretion in the colon by
activating intracellular secretory mechanisms,
increasing mucosal permeability, inhibiting
ClI'/OH exchange and enhancing mucus
secretion.?’ Colonic water secretion depends on
the concentration of bile acids, with concentrations
typically > 3 mmol/L leading to secretion.2' Bile
acids also stimulate colonic motility by inducing
propulsive contractions thereby shortening colon
transit time, potentially worsening urgency and
diarrhea.?? Interestingly, low concentrations
of bile acids downregulate colon secretion and
promote fluid and electrolyte absorption.** In
contrast, when colonic luminal concentrations
of bile acids are high, as is seen in BAM, bile
acids induce prosecretory and promotility effects,
manifesting clinically as diarrhea.

Prevalence of Bile Acid Malabsorption

Due to the limited availability of diagnostic tests
for BAM, its prevalence remains unclear. The
availability of the 7*Selenium-homocholic acid
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Table 1. Causes of Bile Acid Malabhsorption

Etiology Consider BAM
of BAM if Symptomatic
Type 1 * Terminal ileal resection
or bypass
* Terminal ileal disease
(e.g., Crohn’s disease)
Type 2 * No definitive etiology
* No demonstrative
ileal disease
Type 3 e Small intestinal bacterial
overgrowth

* Postcholecystectomy
* Postvagotomy

* (Celiac disease

* Radiation enteritis

* Chronic pancreatitis

taurine (SeHCAT) retention test (see below) in
Europe has, nevertheless, allowed an estimate of
its prevalence, at least in the Western world. Two
systematic reviews of studies that estimated the
prevalence of primary bile acid diarrhea using the
SeHCAT test in patients with chronic unexplained
diarrhea and/or diarrhea-predominant irritable
bowel syndrome (D-IBS)] suggest that, at the
best confidence interval (<10%) for SeHCAT
retention percentage, 16.9% to 35.3% of patients
had an abnormal result suggesting BAM.?>2¢ A
recent prospective study analyzed data from 118
consecutive patients meeting Rome III criteria for
D-IBS who underwent SeHCAT testing. Twenty-
eight (24%) were found to have BAM (8 mild, 8
moderate and 12 severe).”’

It 1s estimated that 5% of the population in
developed countries has chronic diarrhea at any
point in time, incurring direct and indirect costs
of about $660 million per year.”® Given the 25%-
30% prevalence of BAM in patients with chronic
diarrhea, the prevalence in the general population
would be about 1%.

Types of Bile Acid Malabsorption

In a retrospective analysis of 373 patients
undergoing SeHCAT testing, 190 were found to
have BAM. Multivariate analysis showed that
prior cholecystectomy, terminal ileal resection or
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right hemicolectomy for Crohn’s disease or other
reasons were associated with BAM.” Nearly 65%
of those with BAM had either no risk factors for
BAM or met criteria for D-IBS.

The cause of BAM may be divided into three
main types (Table 1).%:

Type 1 BAM results from terminal ileal
resection/bypass or disease (e.g., Crohn’s disease),
which results in failure of enterohepatic recycling
of bile acids, and excess amounts entering the
colon. Resection of less than 100 cm of terminal
ileum will interrupt the normal feedback, resulting
in increased bile acid synthesis and an increased
concentration of unabsorbed bile acids entering the
colon.*® When more than 100 cm of distal ileum
in adults is resected, the resulting reduction in
bile acid absorption exceeds the liver’s ability to
synthesize adequate replacement. This ultimately
results in a decreased bile acid pool with impaired
micelle formation and fat digestion, and manifests
clinically as steatorrhea and fat soluble vitamin
deficiencies. Maximum bile acid synthesis (5-10
mmol/day) is less than daily bile acid secretion in
healthy patients (about 25-30 mmol/day).*?

Type 2 BAM, often referred to as primary bile
acid diarrhea (PBAD), is the most common cause
of bile acid malabsorption and may account for at
least 30% of individuals who would otherwise be
labeled as having D-IBS or functional diarrhea.
Importantly, the current definition of PBAD
requires that there be a grossly and histologically
normal ileum and good response to treatment with
a bile acid sequestrant. Despite much investigation,
until recently the pathogenesis of PBAD has been
poorly understood. Recently, a role of altered
feedback inhibition of bile acid synthesis has
been proposed.®® This altered feedback regulation
is thought to be mediated by FGF19 (fibroblast
growth factor 19).3+3¢ Walters and colleagues found
that patients with PBAD had a marked decrease
in plasma levels of FGF19, about 50% that of
controls, and this level correlated inversely with
bile acid synthesis as measured by the serum level
of C4.37 As a consequence of this deficiency, the
hepatocytes are unable to downregulate bile acid
synthesis. It was speculated that this disrupted
feedback control by FGF19 may result in a large
bile acid pool with incomplete ileal absorption and
increased bile acid delivery to the colon causing
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Table 2. Principal Diagnostic Tests for Bile Acid Malabsorption

Test Advantages

Disadvantages

5§eHCAT
* Level of retention predicts
response to bile acid binders

» Well-defined diagnostic cutoffs

* Radiation exposure
* Not widely available

Fecal Bile Acids <« Gold standard
o \easures total and individual
bile acids

e Direct measure

* Variable daily bile acid excretion

* Requires 48-hr sample

* Requires 96-hr 100 g/d fat diet

* Unknown response to bile acid binders
* Requires sophisticated testing methods
* Not widely available

C4 * Blood test
* Single visit
* No diet limitations

* Requires fasting sample

 Suboptimal specificity

* Diagnostic accuracy still uncertain

* Unknown response to bile acid binders
* Requires sophisticated testing methods

diarrhea. The exact nature of the defect that leads
to altered FGF19 production or release requires
further investigation.

Type 3 BAM includes causes of BAM not
included with types 1 and 2 that may interfere with
normal bile acid cycling, small intestinal motility,
or composition of ileal contents (Table 1).

Diagnosis of Bile Acid Malabsorption

There are 3 main types of diagnostic tests for BAM
(Table 2): the direct measurement of fecal bile
acids, the measurement of serum biomarkers of
bile acid synthesis, and the evaluation of terminal
ileal reabsorption of bile acids with the SeHCAT
retention test. Another test of BAM that has fallen
from favor and is more of historical interest is
the '* C-glycocholate breath test.*® All of these
tests have limitations that to date have hindered
the recognition of BAM in patients with chronic
diarrhea.

The measurement of total and individual
fecal bile acids is a direct measure of excess bile
acids exiting the colon. The diagnosis of BAM
by measurement of fecal bile acids in a 48-hour
stool collection while on a 100 g/d fat diet for 2
days prior to starting and during the collection,
the definitive method, is unpleasant and requires
high performance liquid chromatography (HPLC)
with mass spectrometry (MS) and, as such, until
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recently was available only in research laboratories.
Unlike with the SeHCAT test, there are currently no
randomized clinical trials that have evaluated the
response of bile acid binders to those with elevated
fecal bile acids. There are ongoing investigations
into whether measurement of bile acids in a single,
random stool sample may be able to replace the
need for a 48-hour stool collection.

In the SeHCAT test, first described in 1981, the
selenium-labeled bile acid is administered orally
and the total body retention is measured with a
gamma camera after 7 days.** Diagnostic cut-offs
and response to bile acid sequestrant therapy are as
follows: < 5% (severe) with 96% response, < 10%
(moderate) with 80% response, and < 15% (mild)
with 70% response.?® This test has a sensitivity for
diagnosing BAM of 80-90% and a specificity of
70-100%, and offers a low radiation dose to the
patient.** While the SeHCAT test is currently the
clinical gold standard, it has never been approved
for use in the United States and is not widely
available in the rest of the world.

More recently, the measurement of serum
biomarkers of bile acid synthesis has been proposed
as a potential test of BAM.* Serum 7-a-hydroxy-4-
cholesten-3-one (C4) is a direct measure of bile acid
synthesis, and C4 levels are substantially elevated
in BAM patients with a sensitivity and specificity
0f' 90% and 77%, respectively for type 1 BAM (see
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Table 3. Commercially-available Bile Acid Sequestrants

Drug Dosage Side Effects Comments
Cholestyramine  4-gram packet, Nausea, vomiting, flatulence, Poor taste may affect
(Questran®, 1 to 6 times/day bloating, abdominal discomfort, adherence
Questr_an® Light, constipation, fecal impac’gion: May interfere with the
Prevalite®, anorexia, steatorrhea, urticaria absorption of some
LoCHOLEST®, medications (warfarin
® X X . 3
LoCHOLEST diuretics, thyroid hormone,
Light) beta-blockers, digoxin)
and fat-soluble vitamins
— medications should be
taken 1-hour before or at
least 4-hours after bile acid
sequestrant administration
Colestipol 9-gram packet, Same as above Same as above
(Colestid®) 1 to 6 times/day
Tablet form
also available
Colesevelam 1.251t0 3.75 g/day Constipation, dyspepsia, Does not decrease
(WelChol®) nausea, nasopharyngitis, the absorption of co-

headache, asthenia, influenza-

administered medications

type symptoms, rhinitis,
hypoglycemia in diabetic
patients, myalgias, hypertension

below) and 97% and 74%, respectively for type
2 BAM (see below).*** Furthermore, C4 levels
have been shown to correlate well with SeHCAT
retention.** Despite its obvious advantages in the
diagnosis of BAM, this test also requires HPLC-
MS.*# and, until recently, was available for research
use only. Alternatively, FGF19 represents an
indirect measure of bile acid reabsorption as it
provides feedback inhibition on hepatic bile acid
synthesis. FGF19 is measured by enzyme-linked
immunosorbent assay. Sensitivity and specificity
of FGF19 are lower than with C4.** Both C4
and FGF19 have diurnal variations necessitating
fasting samples. Ultimately, while convenient,
these fasting biomarkers lack sufficient diagnostic
accuracy on their own and while the C4 test may
be considered as a screening tool, the FGF19 test
cannot. Recently, a report described the use of
chenodeoxycholate-stimulated FGF19 response
as a provocative test of BAM.* Further study is
needed before this test can be accepted into clinical
practice.

PRACTICAL GASTROENTEROLOGY < MAY 2020

Given the limited diagnostic testing for BAM
currently available, particularly in the United States,
a “therapeutic trial” with a bile acid sequestrant
(see below) is often used as a diagnostic tool. If the
treatment results in resolution or improvement of
the diarrhea, the response is considered supportive
evidence of BAM. This approach is supported by
the pooled data from a report showing a dose-
response relationship according to severity
of malabsorption, as determined by SeHCAT
retention, to treatment with a bile acid sequestrant.?*
Although this approach has the advantage of not
requiring specialized investigations, as treatment
is often poorly tolerated and response variable, this
strategy is difficult to strongly advocate without
a definitive diagnosis. Importantly, in the recent
Canadian Association of Gastroenterology clinical
practice guideline on the management of bile acid
diarrhea, testing rather than a therapeutic trial with
bile acid binder, using SeHCAT (where available)
or fasting plasma C4, was recommended.*’

(continued on page 24)
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(continued from page 17)

Treatment of Bile Acid Malabsorption
Treatment of patients with bile acid diarrhea
secondary to another cause (e.g., active Crohn’s
ileitis, microscopic colitis, small intestinal bacterial
overgrowth) should target the underlying disease.
Unfortunately, for most patients with BAM, no
such cause is found or is effectively treatable.
Therefore, for over 50 years, the treatment of
BAM has relied on the use of oral administration
of bile acid sequestrants.*’ These agents are
positively charged indigestible resins that bind
the bile acids in the intestine to form an insoluble
complex that is excreted in the stool preventing
their secretomotor actions on the colon. There are
currently three bile acid sequestrants commercially
available, albeit for a non-United States Food and
Drug Administration (FDA)-labeled indication
(i.e., off label use): cholestyramine, colestipol,
and colesevelam (Table 3). Dietary intervention
(i.e., low fat diet with or without medium chain
triglyceride supplementation) and aluminum
hydroxide may also have a role; however, data
regarding their use is limited.*®

Cholestyramine and colestipol are FDA-
approved for the treatment of hypercholesterolemia
(both agents) and pruritus related to partial
biliary obstruction (cholestyramine only). In one
report, most patients with abnormal SeHCAT
retention were found to respond to treatment
with cholestyramine in a dose-response manner:
96% response in patients with SSHCAT retention
<5%, 80% response when <10% retention, and
70% response when <15% retention.”* However,
as a powdered resin, their use has historically been
limited by their unpleasant taste, which can lead to
poor adherence with long-term use.* Indeed, 40%
to 70% of patients given bile acid sequestrants
discontinue them.>*! A recent systematic review on

the management of chronic diarrhea related to BAM
identified 30 relevant publications (1241 patients)
and found that cholestyramine was the most studied
treatment, and was successful in 70% (of 801)
patients.* In a retrospective survey of 377 patients
diagnosed with BAM by SeHCAT, at follow-up,
50% of the patients reported improvement in
the diarrhea; however, 74% reported continued
diarrhea and 62% regularly used anti-diarrheal
medications.” Sixty-four percent considered their
quality of life to be reduced because of the diarrhea
while 50% reported that the diarrhea was unaltered
or worse than before the diagnosis of BAM was
established. Thus, it is clear that many patients
with BAM continue to have bothersome diarrhea
despite proper diagnosis and treatment.

Gastrointestinal side effects are common with
cholestyramine and colestipol and include nausea,
borborygmi, flatulence, bloating, and abdominal
discomfort.** Constipation may also occur, making
titration of the dose important. For cholestyramine,
the most commonly used bile acid sequestrant,
starting with one 4 gram packet a day (5 grams
for colestipol) and titrating upward as needed
(maximum 6 times/day for both agents) seems to
be an effective strategy. Colestipol also comes in
tablet form; a form worth considering if the powder
form is poorly tolerated. Other tips for improving
the palatability of bile acid sequestrants are
mentioned in Table 4. Importantly, cholestyramine
and colestipol interfere with the absorption of some
medications (e.g., warfarin, diuretics, thyroid
hormone, beta-blockers, digoxin) and fat-soluble
vitamins. Therefore, these other medications should
be taken 1-hour before or at least 4-hours after bile
acid sequestrant administration.

Colesevelam is a newer bile acid sequestrant
that binds bile acids with a higher affinity than
either cholestyramine or colestipol. It is available

Table 4. Tips to Making Bile Acid Sequestrants More Palatable

* Add powder to a half cup of applesauce or crushed pineapples and mix thoroughly.
» Add powder to a half cup of fruit drink, juice, or other non-caffeinated drink and mix thoroughly.

e Add powder to a half cup of milk or broth.
* Refrigerate the mixture.
e Stir well.

* Mix with half water to dissolve it first, then finish it off with a thick consistency juice/nectar or smoothie.

e Try mixing with pudding or custard.
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in tablet form, improving its patient acceptability.*
Colesevelam is FDA-approved to treat
hypercholesterolemia and as an adjunct treatment
for type 2 diabetes mellitus. In a retrospective chart
review and patient questionnaire, colesevelam at
doses between 1.25 and 3.75 g/day was found to be
well tolerated and effective in many cancer patients
who developed BAM, including some who had
failed prior cholestyramine therapy.** Colesevelam
was also found to be more effective than placebo
in a small, randomized controlled trial in patients
with D-IBS with regards to symptom control and
colon transit.> Furthermore, single nucleotide
polymorphisms of FGFR4 and B-klotho have been
found that appear to identify a subset of D-IBS
patients who may benefit from colesevelam.*
Colesevelam does not decrease the absorption of
co-administered medications,™ presumably because
of differences in chemical structure compared to
cholestyramine and colestipol.

A proof-of-concept open-label study indicated
that obeticholic acid produces clinical benefit,
increases FGF19 and reduces C4 in patients
with primary and secondary forms of BAM.”’
Obeticholic acid, which is approved for the
treatment of primary biliary cholangitis, stimulates
the FXR of the terminal ileum, thereby increasing
FGF19, which provides feedback inhibition on
hepatic bile acid synthesis. Recently, a case report
has suggested a possible benefit from the use of
liraglutide®® in BAM unresponsive to bile acid
binders. Liraglutide, which is approved for the
treatment of type 2 diabetes mellitus and obesity,
also slows gastrointestinal transit. It is this
mechanism that is speculated liraglutide exerts its
effect on BAM by increasing passive absorption
of bile acids throughout the small bowel and
allowing enhanced active bile acid absorption in
the terminal ileum. This may also lead to increased
FXR activation and FGF19 secretion, which, in
turn, will decrease hepatic bile acid synthesis.

Practice Guidelines

The Canadian Association of Gastroenterology
recently published a clinical practice guideline on
the management of BAM.*” A systematic review
was conducted and the quality of the evidence and
strength of recommendations were rated according
to the Grading of Recommendation Assessment,
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Development and Evaluation (GRADE) approach.
The quality of the evidence was generally rated as
very low; as such, most of the recommendations
are conditional. In patients with chronic diarrhea,
consideration of risk factors (e.g., terminal
ileal resection, cholecystectomy or abdominal
radiotherapy), but not additional symptoms, was
recommended for identification of patients with
possible BAM. Testing, rather than a therapeutic
trial with bile acid binder, using SeHCAT (where
available) or fasting plasma C4, including patients
with D-IBS, functional diarrhea and Crohn’s
disease without inflammation was recommended.
Cholestyramine was suggested as initial therapy as
was use of antidiarrheal agents if bile acid binders
were not tolerated.

CONCLUSION

By recognizing that BAM is a relatively common
cause of chronic diarrhea, it should follow
that physicians will more readily recognize,
evaluate, and treat patients with this condition.
We recognize that given the limitations in the
availability of diagnostic testing and difficulties in
completing an adequate empiric trial of a bile acid
sequestrant, BAM is likely to remain a problematic
diagnosis, at least for the near future. The recent
development and validation of a 48-hr fecal bile
acid measurement and the convenient blood-based
measurement of C4, will, hopefully, change this
clinical practice. Treatment of BAM remains
using bile acid sequestrants; the availability of
colesevelam has improved patient tolerability
to this form of therapy. Perhaps a more specific
therapy, such as a FGF19 or FXR agonist, will
become available for clinical use in the future. B

References

1. HofmannAF. The syndrome ofileal disease and the broken enterohepatic
circulation: cholerhetic enteropathy. Gastroenterology.1967;52:752-757.

2. Khalid U, Lalji A, Stafferton R, et al. Bile acid malabsorption: a forgot-
ten diagnosis? Clin Med. 2010;10:124-126.

3. Russell DW. The enzymes, regulation, and genetics of bile acid synthe-
sis. Ann Rev Biochem. 2003;72:137-174.

4. Dawson P, Benjamin S, Hofmann A. Bile formation and the enterohe-
patic circulation. In Johnson L (ed.) Physiology of the Gastrointestinal
Tract, 4th ed. Elsevier. 2006;4:1437-1462.

5. Kamp F, Hamilton JA, Kamp F, et al. Movement of fatty acids, fatty
acid analogues, and bile acids across phospholipid bilayers. Biochem.
1993;32:11074-11086.

6.  Wong MH, Oelkers P, Craddock AL, et al. Expression cloning and char-
acterization of the hamster ileal sodium-dependent bile acid transporter.
J Biol Chem. 1991;269:1340-1347.

7. Shneider BL, Dawson PA, Christic DM, et al. Cloning and molecular
characterization of the ontogeny of a rat ileal sodium-dependent bile acid
transporter. J Clin Invest. 1995;95:745-754.

25



Does Your Patient Have Bile Acid Malabsorption?

NUTRITION ISSUES IN GASTROENTEROLOGY, SERIES #198

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

27.

28.

29.

30.
31.
32.

33.

34.

26

Dawson PA, Lan T, Rao A. Bile acid transporters. J Lipid Res.
2009;50:2340-2357.

Ung KA, Olofsson G, Fae A, et al. In vitro determination of active bile
acid absorption in small biopsy specimens obtained endoscopically or
surgically from the human intestine. Eur J Clin Invest. 2002:32;115-121.
Brunner H, Northfield TC, Hofmann AF, et al. Gastric emptying and
secretion of bile acids, cholesterol, and pancreatic enzymes during diges-
tion. Duodenal perfusion studies in healthy subjects. Mayo Clin Proc.
1974:49; 851-860.

Vlahcevic ZR, Pandak WM, Stravitz RT. Regulation of bile acid bio-
synthesis. Gastroenterol Clin North Am. 1999;28:1-25.

Inagaki T, Choi M, Moschetta A, et al. Fibroblast growth factor 15 func-
tions as an enterohepatic signal to regulate bile acid homeostasis. Cell
Metab. 2005;2:217-225.

Hofmann AF. Bile acids: trying to understand their chemistry and biol-
ogy with the hope of helping patients. Hepatology. 2009;49:1403-1418.
Dawson P. Bile Secretion and the Enterohepatic Circulation. In:
Feldman M, Friedman L Brandt L, eds. Sleisenger and Fordtran’s
Gastrointestinal and Liver Disease. Philadelphia, PA: Saunders Elsevier
Inc; 2010:1075-1088.

Gass J, Vora H, Hofmann AF, et al. Enhancement of dietary protein
digestion by conjugated bile acids. Gastroenterology. 2007;133:16-23.
Kurdi P, Kawanishi K, Mizutani K, et al. Mechanism of growth inhibi-
tion by free bile acids in lactobacilli and bifidobacterial. J Bacteriol.
2006;188:1979-1986.

Saiful Islam DBM, Fukiya S, Hagio M, et al. Bile acid is a host factor
that regulates the composition of the cecal microbiota. Gastroenterology.
2011;141:1773-1781.

Swann JR, Want EJ, Geier FM, et al. Systemic gut microbial modula-
tion of bile acid metabolism in host tissue compartments. Proc Natl Acad
Sci U.S.A. 2011;108(Suppl 1):4523-4530.

Bannaga A, Kelman L, O’Connor M, et al. How bad is bile acid diar-
rhoea: an online survey of patient-reported symptoms and outcomes.
BMJ Open Gastroenterol. 2017;4(1):e000116.

Johnston I, Nolan J, Pattni S, et al. New Insights into Bile Acid
Malabsorption. Curr Gastroenterol Rep. 2011;13:418-525.

Mekhjian HS, Phillips SF, Hofmann AF. Colonic secretion of water
and electrolytes induced by bile acids: perfusion studies in man. J Clin
Invest. 1971;50:1569-77.

Kirwan WO, Smith AN, Mitchell WD, et al. Bile acids and colonic
motility in the rabbit and the human. Gut. 1975;16:894-902.

Sun'Y, Fihn BM, Sjovall H, et al. Enteric neurons modulate the colonic
permeability response to luminal bile acids in rat colon in vivo. Gut.
2004;53:362-7.

Keating N, Scharl MM, Marsh C, et al. Physiological concentrations of
bile acids downregulate agonist induced secretion in colonic epithelial
cells. J Cell Mol Med. 2009;13:2293-303.

Wedlake L, A’Hern R, Thomas K, et al. Systematic review: the preva-
lence of idiopathic bile acid malabsorption (I-BAM) as diagnosed by
SeHCAT scanning in patients with diarrhoea-predominant irritable
bowel syndrome. Aliment Pharmacol Ther. 2009;30:707-717.

Slattery SA, Niaz O, Aziz Q, et al. Systematic review with meta-
analysis: the prevalence of bile acid malabsorption in the irritable bowel
syndrome with diarrhoea. Aliment Pharmacol Ther. 201542:3-11.

Aziz 1, Mumtaz S, Bholah H, et al. High prevalence of idiopathic bile
acid diarrhea among patients with diarrhea-predominant irritable bowel
syndrome based on Rome III criteria. Clin Gastroenterol Hepatol.
2015;13:1650-1655.

Fine KD, Schiller LR. AGA technical review on the evaluation and man-
agement of chronic diarrhea. Gastroenterology. 1999;116:1464-1486.
Gracie DJ, Kane JS, Mumtaz S, et al. Prevalence of, and predic-
tors of, bile acid malabsorption in outpatients with chronic diarrhea.
Neurogastroenterol Motil. 2012;24:983-989.

Pattni S, Walters JRF. Recent advances in the understanding of bile acid
malabsorption. Br Med Bull. 2009;92:79-93.

Hoffman AF, Poley JR. Cholestyramine treatment of diarrhea associ-
ated with ileal resection. N Engl ] Med. 1969;281:397-402.

Brunner H, Northfield TC, Hofmann AF, et al. Gastric emptying and
secretion of bile acids, cholesterol, and pancreatic enzymes during diges-
tion: duodenal perfusion studies in healthy subjects. Mayo Clin Proc.
1974;49:851-860.

Hofmann AF. Chronic diarrhea caused by idiopathic bile acid mal-
absorption: an explanation at last. Expert Rev Gastroenterol Hepatol.
2009;3:461-464.

Jung D, Inagaki T, Gerard D, et al. FxR agonists and FGF15 reduce
fecal bile acid excretion in a mouse model of bile acid malabsorption. J
Lipid Res. 2007;48:2693-2700.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

Yu C, Wang F, Kan M, et al. Elevated cholesterol metabolism and
bile acid synthesis in mice lacking membrane tyrosine kinase receptor
FGFRA4. J Biol Chem, 2000;275:15482-15489.

Ito S, Fujimori T, Uruya A, et al. Impaired negative feedback sup-
pression of bile acid synthesis in mice lacking Bklotho. J Clin Invest.
2005;115:2202-2208.

Walters JRF, Tasleem AM, Omer OS, et al. A new mechanism for bile
acid diarrhea: defective feedback inhibition of bile acid biosynthesis.
Clin Gastoenterol Hepatol. 2009;7:1189-1194.

Olmos RV, den Hartog Jager F, Hoefnagel C, et al. Imaging and retention
measurements of selenium 75 homocholic acid conjugated with taurine,
and the carbon 14 glycochol breath test to document ileal dysfunction
due to late radiation damage. Eur J Nucl Med. 1991;18:124-128.

Boyd GS, Merrick MW, Monks R, et al. Se-75-labeled bile acid analogs,
new radiopharmaceuticals for investigating the enterohepatic circula-
tion. J Nucl Med. 1981;22:720-725.

GE Healthcare. SeHCAT Prescribing Information. Amersham, UK: GE
Healthcare pamphlet, 2008.

Galman C, Arvidsson T, Angelin B, et al. Monitoring hepatic choles-
terol 7 alpha-hydroxy-4-cholesten-3-one in peripheral blood. J Lipid
Res. 2003;44:859-866.

Brydon WG, Culbert P, Kingstone K, et al. An evaluation of the use of
serum 7-alpha-hydroxycholestone as a diagnostic test of bile acid malab-
sorption causing watery diarrhea. Can J Gastroenterol. 2001;25:319-323.
Vijayvargiya P, Camilleri M, Carlson P, et al. Performance character-
istics of serum C4 and FGF19 measurements to exclude the diagnosis
of bile acid diarrhea in IBS-diarrhoea and functional diarrhea. Aliment
Pharmacol Ther. 2017;46:581-588.

Brydon WG, Nyhlin H, Eastwood MA, et al. Serum 7 alpha-hydroxy-
4-cholesten-3-one and seleno-homocholyltaurine (SeCHAT) whole
body retention in the assessment of bile acid induced diarrhoea. Eur J
Gastroenterol Hepatol. 1996;8:117-123.

Camilleri M, Nadeau A, Tremaine WJ, et al. Measurement of serum
7a-hydroxy-4-cholesten-3-one (or 7aC4), a surrogate test for bile acid
malabsorption in health, ileal disease and irritable bowel syndrome using
liquid chromatography-tandem mass spectrometry. Neurogastroenterol
Motil. 2009;21:734-¢43.

Borup C, Wildt S, Rumessen JJ, et al. Cheodeoxycholic acid stimulated
fibroblast growth factor 19 response — a potential biochemical test for
bile acid diarrhea. . 2017;45:1433-1442.

Sadowski DC, Camilleri M, Chey WD, et al. Canadian association of
gastroenterology clinical practice guideline on the management of bile
acid diarrhea. Clin Gastroenterol Hepatol. 2020;18:24-41.

Jackson A, Lalji A, Kabir M, et al. PTU-128: the efficacy of using
low-fat dietary interventions to manage bile acid malabsorption. Gut.
2017;66(Suppl 2):A114.

Wilcox C, Turner J, Green J. Systematic review: the management of
chronic diarthea due to bile acid malabsorption. Aliment Pharmacol
Ther. 2014;39:923-939.

Rossel P, Jensen HS, Qvist P, et al. Prognosis of adult-onset idiopathic
bile acid malabsorption. Scand J Gastroenterol. 1999;34:587-590.
Kamal-Bahl SJ, Burke T, Watson D, et al. Discontinuation of lipid
modifying drugs among commercially insured United States patients in
recent clinical practice. Am J Cardio. 2007;99:530-534.

Damsgaard B, Dalby HR, Krogh K, et al. Long-term effect of medical
treatment of diarrhea in 377 patients with SeHCAT scan diagnosed bile
acid malabsorption from 2003 to 2016; a retrospective study. Aliment
Pharmacol Ther. 2018;47:951-957.

Scaldaferri F, Pizzoferrato M, Ponziani FR, et al. Use and indications of
cholestyramine and bile acid sequestrants. Intern Emerg Med. 2011 Jul
8. [Epub ahead of print]

Wedlake L, Thomas K, Lalji A, et al. Effectiveness and tolerability of
colesevelam hydrochloride for bile-acid malabsorption in patients with
cancer: a retrospective chart review and patient questionnaire. Clin Ther.
2009;3:2549-2558.

Odunsi-Shiyunbade ST, Camilleri M, McKinzie S, et al. Effects of che-
nodeoxycholate and a bile acid sequestrant, colesevelam, on intestinal
transit and bowel function. Clin Gastroenterol Hepatol. 2010;8:159-165.
Wong BS, Camilleri M, Carlson PJ, et al. Pharmacogenetics of the
effects of colesevelam on colonic transit in irritable bowel syndrome
with diarrhea. Dig Dis Sci. 2012;57:1222-1226.

Walters JRF, Johnston IM, Nolan JD, et al. The response of patients with
bile acid diarrhoea to the farnesoid X receptor agonist obeticholic acid.
2015;41:54-64.

Karhus ML, Bronden A, Roder ME, et al. Remission of bile acid malab-
sorption symptoms following treatment with the glucagon-like peptide 1
agonist liraglutide. Gastroenterology. 2019;157:569-571.

PRACTICAL GASTROENTEROLOGY ¢ MAY 2020



