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Bile acid sequestrants were initially developed for the treatment of 
hypercholesterolemia, but it is significant that essentially all the activity  
of these agents is confined to the gastrointestinal (GI) tract. The binding of 
bile acid in the intestine inhibits a key mechanism of cholesterol transport, 
but the GI applications of these agents are also considerable. Over the last 
decade, as statins have become the dominant treatment for elevated low 
density lipoprotein (LDL) cholesterol, GI applications have grown in relative 
importance. Although drugs in this class have been available for 50 years, 
the broad clinical applications deserve to be revisited. There has been a 
recent resurgence in the use of bile acid sequestrants for cardiovascular 
protection due to the intolerability of the very high doses of statins, but 
these agents are also relevant for use with several GI disorders.
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History and Mechanism of Bile Acid Sequestrants 
Bile acid activity, which is mediated by the liver, has 
relevance to a variety of physiologic and pathologic 
processes. A by-product of cholesterol synthesis in the 
liver, bile acids are cytotoxic but are normally rendered 
impermeable to cell membranes due to conjugation with 
amino acids. Bile acids have an important role in cholesterol 
homeostasis by moving cholesterol from the hepatocyte to 
the intestine for fecal excretion through a solubilization 
process, by transporting dietary lipids from the intestine 
back to the liver, and by serving as a negative feedback 
signal to the liver to increase cholesterol production. 

However, the activity of bile acids is not confined to 
cholesterol regulation. Bile acids also promote dietary 
absorption of several essential elements such as iron and 
calcium,1 play a role in regulation of motility,2 influence 

the intestinal absorption 
of water and electrolytes,3 
help regulate glucose 
metabolism,4 and exert 
bac ter iostatic ef fec ts 
both through regulation 

of motility and by inhibiting bacterial adhesion to the 
intestinal mucosa.  In patients with insufficient bile acids, 
such as those with short bowel syndrome, replacement 
may be necessary to normalize lipid and fat absorption. In 
pathologic processes driven by bile acids, sequestrants are 
effective for controlling disease expression.

Bile acid sequestrants were pursued in the 1950s as a 
means of lowering lipids in humans based on a series 
of observations in animals. The currently available bile 
acid sequestrants include colesevelam, colestipol, and 
cholestyramine. Although the chemical compositions of 
these agents differ, all bind to the major bile acids to form 
an insoluble complex that prevents reabsorption and leads 
to fecal excretion. Moreover, the depletion of bile acid stores 
promotes increased bile acid synthesis which reduces the 
pool of intracellular cholesterol, thereby helping to maintain 
a lower cholesterol level. Appreciation for the effects of bile 
acid sequestrants has led to the use of these agents for 
several other clinical applications, particularly diarrhea of 
various etiologies (Figure 1).

Earliest Indication: Cardiovascular Disease Prevention
Bile acid sequestrants reduce cholesterol levels by 15% to 
30%, almost all of which is in the form of LDL cholesterol.6 A 
series of trials have validated that this degree of cholesterol 
lowering is effective for the treatment of cardiovascular 
disease (CVD). In the placebo-controlled Lipid Research 
Clinics Coronary Primary Prevention Trial (LRC-CPPT), 
for example, the 12% reduction in LDL was associated 

with a 19% reduction in coronary events (Figure 2).7 An 
angiographic-controlled trial was able to show that the 
reductions in LDL reduced progression of atherosclerosis.8 
Bile acid sequestrants have been recommended for primary 
control of CVD by the National Cholesterol Education Panel 
(NCEP) since 1984.

Due to the fact that bile acid sequestrants exert their 
pharmacologic effect almost exclusively in the GI tract 

In pathologic processes 
driven by bile acids, 
sequestrants are effective 
for controlling disease 
expression.

FIGURE 2 I Reduction in LDL Cholesterol Associated with 
	 Reduced Coronary Events

0

-5

-10

-15

-20

-25

LDL* CHD Death MI

Adapted from The Lipid Research Clinics Coronary Primary Prevention Trial results. I. Reduction 
in incidence of coronary heart disease. JAMA 1984;251(3):351-64.
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FIGURE 1 I Enterohepatic Circulation of Bile Acids
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with very little systemic absorption, these agents are 
generally well tolerated. The most common adverse 
events associated with these agents have been GI related, 
including constipation, but these develop in a minority 
of patients at commonly-used doses. Approved for use 
in children, the safety of these agents was a primary 
reason that they became a first-line agent for treatment 
of hypercholesterolemia. With the introduction of statins, 
bile acid sequestrants were largely replaced as first-line 
agents but continued to be used adjunctively for those 
who were not able to reach treatment targets or as a 
replacement for those who were statin intolerant. Their 
LDL-lowering effects can be synergistic with other lipid-
lowering agents.

A rising rate of statin intolerance has refocused interest 
in alternative lipid-lowering agents, including bile acid 
sequestrants. Although such side effects as myalgia, 
myositis, and rhabdomyolysis have been associated with 
statins from the earliest clinical trials, these events, 
like liver enzyme abnormalities, are being encountered 
with more frequency because much higher doses are 
being prescribed than those initially. High dose statin 
therapy is a consequence of more rigorous LDL targets 
in large segments of the population at risk for CVD. Once 
considered uncommon, statin intolerance has been 
recently reported in up to 20% of patients taking these 
agents.9

For statin intolerance or for patients who cannot reach 
LDL targets on statin therapy alone, bile acid sequestrants 
remain among the best options for lipid control. The first 
class of agents to demonstrate protection against CVD 
through lipid lowering, bile acid sequestrants have a 
well-established record of efficacy and safety. Although 
traditionally administered as a powder mixed with food 
or liquid, newer tablet formulations have increased 
convenience and reduced issues of taste, facilitating use 
in the chronic regimens required for CV risk reduction. 

Bile acid sequestrants may be of particular value in the 
treatment of hypercholesterolemia in diabetics, because 
these agents have also been associated with a modest 
but clinically significant improvement in glycemic 
control. In a double-blind study with colesevelam in type 
2 diabetes patients poorly controlled on their current 
regimen, the addition of the bile acid sequestrant lowered 
the HbA1c significantly, although the exact mechanism 
remains unclear.10 However, another double-blind study 
testing colesevelam in combination with metformin also 
documented clinically significant reductions in serum lipids 
and blood glucose levels, yielding the conclusion that this 
is an attractive initial combination in patients with both 

metabolic abnormalities.11 In a pooled analysis of three 
placebo-controlled trials, colesevelam was associated with 
a 16.5% reduction in LDL (P<0.001), a 7.4% reduction in ApoB 
(P<0.001), a 0.5% reduction in HbA1c (P<0.001), and a 10% 
reduction in fasting glucose (P<0.001) (Figure 3).12

GI Disease: A Useful Drug Effect
The most important role of bile acid sequestrants in the 
control of GI-related disorders has stemmed from its value 
in the control of diarrhea related to bile acid malabsorption. 
This condition has numerous etiologies, including Crohn’s 
disease, cholecystectomy, ileal resection, vagotomy, 
and celiac disease. In normal physiologic function, bile 
acids flow into the duodenum after a meal-stimulated 
gallbladder contraction then pass into the intestine 
where, among other activities, they bind to dietary lipids 
for transport back to the liver. Normally, 95% of the bile 
acids are reabsorbed and the remainder is excreted by 
the fecal route.13 When bile acid absorption is disturbed, 
the increased proportion of bile salts that reach the colon 
are deconjugated by resident bacteria and then appear to 
interact with enterocytes and other cells in the brush-
border membrane. The complex mechanisms by which bile 
salts stimulate water and electrolyte secretion, producing 
watery diarrhea and, in some cases, steatorrhea, include 
stimulation of anion secretion, upregulation of cyclic 
AMP (cAMP) activity, increasing cytosolic calcium levels, 
increasing prostaglandin synthesis in lamina propria cells, 
stimulating enteric neurons to produce propulsive motor 
contractions, and increasing tight junction permeability to 
fluid and electrolytes.14

When administered orally and transported into the 
small intestine, the bile acid sequestrants colesevelam, 
colestipol, and cholestyramine bind to bile acids to form 
an insoluble complex that can pass through the large 

FIGURE 3 I Pooled Analysis of 3 Placebo-Controlled Trials  
	 with Colesevelam Plus Metformin in Treatment of 
	 Diabetes
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intestine with reduced or minimal stimulation of water 
and electrolyte secretion. While the beneficial effect on 
diarrhea from bile acid sequestrants in individuals with 
bile acid malabsorption is a logical expectation, there 
are clinical studies that confirm the ability of increased 
bile acid to produce secretory diarrhea as well as studies 
to demonstrate that bile acid sequestrants counter this 
effect. In one set of randomized trials published together, 
administration of the bile acid chenodeoxycholate (CDC) to 
healthy volunteers significantly increased stool frequency, 
reduced stool consistency, and accelerated colonic 
transit.15 In an accompanying study, the administration of 
colesevelam to patients with irritable bowel syndrome (IBS) 
and bile acid malabsorption was associated with a reduction 
in stool frequency, firmer stool consistency, and a slower 
transit time relative to placebo. 

Approximately 30% of patients with Crohn’s disease 
develop bile acid malabsorption.16 After cholecystectomy, 
increased stool frequency and loose stools at least 
partially due to bile acid malabsorption are also commonly 
reported.17 Diarrhea subsequent to ileal resection is 
also common and attributed to a change in bile acid 
absorption.18 A double-blind study has confirmed an 
improvement in diarrhea secondary to ileal resection 
with bile acid sequestrants.19 Although vagotomy and 
celiac diseases are relatively rare causes of bile acid 
malabsorption, idiopathic bile acid malabsorption does 
occur.20 Recently, it has been demonstrated that at least 
some of these cases are due to a defect in fibroblast 
growth factor-19 (FGF-19), which is produced in the ileal 
enterocytes, and is a negative feedback for bile acid 
synthesis.21 However, bile acid malabsorption regardless 
of etiology is easily diagnosed by selenium homocholic acid 
taurine (SeHCAT) testing.

Bile acid sequestrants have been used empirically, if 
more sparingly, for other forms of diarrhea, including 
the treatment of Clostridium difficile for which the 
mechanism appears to be their ability to absorb toxins 
released by the bacteria.22 However, the anecdotal 
reports of efficacy from treating idiopathic chronic 
diarrhea with bile acid sequestrants may at least partially, 
if not mostly, stem from control of undiagnosed bile acid 
malabsorption. In a study of 304 patients with diarrhea 
who were stratified by their accompanying diagnosis, 
the rates of bile acid malabsorption as detected with 
SeHCAT were 97% in those with active Crohn’s disease, 
54% in those with Crohn’s disease in remission, 55% in 
those with vagotomy and pyloroplasty with or without 
cholecystectomy, and 33% in those with IBS (Figure 4). 
The authors noted that bile acid sequestrants were 
frequently effective in such patients.22

There are other, although much less common, clinical 
applications for bile acid sequestrants, particularly the 
treatment of pruritus associated with chronic liver disease 
or biliary obstruction. Although ursodeoxycholic acid 
(UDCA) is often preferred for this indication, the majority of 
patients will achieve at least a partial response to a bile acid 
sequestrant within two weeks.23 These agents have also 
been used as an adjunctive therapy for hyperthyroidism 
because of their ability to lower thyroxine levels by 
increasing L-thyroxine elimination. Although these are 
empirical uses for which supportive data are relatively 
modest, they are consistent with the expected effects 
of increasing the excretion of bile acids from the small 
intestine.

Bile Acid Sequestrants: First vs. Second Generation 
The bile acid sequestrants do not appear to be 
interchangeable. Cholestyramine and colestipol, which 
are generally considered to be the first-generation agents, 
have different chemical structures but comparable effects 
on bile acid absorption and, consequently, lipid reductions. 
Both of these agents are formulated in a powder that can 
be mixed with food or water. Both agents interfere with 
intestinal absorption of vitamins A and K as well as a 
substantial list of pharmacologic agents, including warfarin, 
penicillin, propranolol, and digoxin.24 However, the greatest 
limitation of the first-generation agents has been the GI 
side effects, particularly bloating, abdominal pain, nausea, 
and flatulence. 

Colesevelam, a second-generation bile acid sequestrant, 
has been characterized as being four to six times more 
potent than the first-generation agents, which is attributed 
to greater binding on the target.25 In addition, the chemical 
structure of colesevelam contains side chains that are 
credited with increasing its specific interaction with bile 
salts while reducing the likelihood of interactions with 

FIGURE 4 I Rates of Bile Acid Malabsorption by SeHCAT Testing
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other agents (Figure 5).26 Its preference for hydrophobic 
chenodeoxycholic and deoxycholic bile acids relative to 
hydrophilic bile salts may also be important to its specificity 
of action on bile acid sequestration and the relatively low 
risk of drug-drug interactions.

For clinical application, the two most important 
advantages of the second-generation colesevelam include 
a low relative rate of adverse events and the availability 
of a tablet formulation, both of which are relevant to 
compliance. Although adverse events common to other 
bile acid sequestrants can occur on colesevelam, they 
occur less frequently and with less severity relative to the 
first-generation agents.27-28 While patients often complain 
of the taste and the powdered formulations of bile acid 
sequestrants, compliance rates of greater than 90% with 
colesevelam have been reported.25 It is likely that many 
patients will prefer the convenience of a tablet over the 
extra step of employing a sachet formulation.

Relative to powdered formulations of bile acid sequestrants, 
one of the most notable advantages of statins at the time of 

their introduction was an ability to achieve relatively large 
reductions in cholesterol with a single pill. Produced in a 
625 mg tablet, colesevelam 
has a recommended starting 
dose of 3.75 g/day, which 
can be achieved with six pills 
taken once daily or three pills 
taken twice daily. Higher doses 
may be required to achieve 
maximum efficacy with this 
agent. However, much lower 
doses are typically effective 
for control of diarrhea related to bile acid malabsorption. In 
one patient series, adequate effect was achieved with as little 
as two pills but no more than six pills daily.28 

Underscoring the dif ferences between bile acid 
sequestrants, colesevelam, unlike both cholestyramine 
and colestipol, has not been found to be more effective 
than placebo in controlling pruritus associated with 
chronic liver disease or biliary obstruction.29 While UDCA 
is considered the first-line therapy in these patients with 
cholestyramine or colestipol employed as second-line 
or adjunctive agents,30 this difference does introduce the 
issue of tailoring the use of bile acid sequestrants in those 
with multiple therapeutic targets. For example, while 
these agents might be attractive in patients with biliary 
obstruction and elevated cholesterol, bile acid sequestrants 
in general might be a particularly attractive therapy alone 
or in combination with statins for cholesterol lowering in 
individuals with both hyperlipidemia and diabetes due to 
their favourable effect on glucose metabolism. 

Conclusion
Bile acid sequestrants have a long history in the treatment of 
both elevated cholesterol and GI disorders. The mechanisms, 
the risks, and the efficacy of these agents are well described. 
A tablet formulation of a second-generation agent is 
facilitating resurgence in the use of these agents that is 
being driven by growing rates of intolerance to statins and 
the increasing appreciation for the substantial prevalence 
of bile acid malabsorption. By reducing the risk of adverse 
events and improving the convenience of oral administration, 
the second-generation tablet has the potential to improve 
compliance essential to achieve the benefits documented 
over the past 50 years of clinical use.
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