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The treatment of raised cholesterol 
has advanced significantly in the 

last 25 years: fibrates, statins, bile acid 
sequestrants, ezetimibe, and more. In 
October 2007, colesevelam hydrochloride 
was launched into the UK market. This 
article reviews where this product fits 
into everyday clinical practice, in which 
patients it is best suited, and discusses 
practical issues in the everyday use of this 
reformulated bile acid sequestrant.

Introduction
Bile acid sequestrants (BAS) were the first class 
of lipid-lowering drug to be developed for reducing 
blood cholesterol levels.1 Now, after their introduction 
30 years ago, BAS still continue to command a 
position in the treatment of hyperlipidaemia.2

How do BAS work?
BAS bind to negatively charged bile acids in the 
intestine and impede their absorption (figure 1). 
This process depletes the bile acid pool and 
disrupts the enterohepatic circulation of bile 
acids, thus, increasing the synthesis of bile acids. 
Cholesterol is, therefore, diverted to bile acid 
synthesis, thereby reducing circulating low-density 
lipoprotein cholesterol (LDL-C) levels. 

In spite of a significant reduction in total cholesterol 
(TC) and LDL-C with the administration of 
conventional BAS, administration of these agents 
proved difficult in clinical practice since they were 
administered as granules with limited palatability 
and increased gastrointestinal (GI) side effects. 

What is new with BAS?
This class of lipid-regulating drug was recently 
modified by the addition of long hydrophobic side 
chains. This increased its bile acid binding capacity, 
increased its affinity and specificity for bile acids, and 
its GI tolerability. Since it is a hydrogel, it absorbs 
water and is not absorbed from the GI tract. This 
formulation was launched in the UK as colesevelam 

hydrochloride (Cholestagel®) in October 2007. It has 
been shown in numerous studies to effectively lower 
LDL-C3-6 with potential advantages over existing BAS. 

Although colesevelam decreases TC and LDL-C, it 
increases triglyceride levels. Therefore, as with other 
BAS, colesevelam should be used with caution in 
patients with triglycerides >3.4 mmol/L.7

The recommended dose when used with a statin 
is 4–6 x 625 mg tablets daily; either two to three 
tablets twice daily or six tablets once daily, taken 
with a meal (3.75 g/day). Theoretically, the drug 
should be taken with a meal, since the output of bile 
acid is higher after a meal. It can be dosed at the 
same time as a statin. When used as monotherapy, 
the recommended starting dose is three tablets 
twice daily or six tablets once daily, with a meal. The 
maximum dose is seven tablets daily (4.375 g/day).

Colesevelam addresses many of the issues that 
made BAS unpopular to take.

Compliance
While compliance could traditionally be difficult with 
BAS due to their formulation,1 a point highlighted 
in a recent HEART UK survey,8 the new tablet 
formulation of colesevelam now makes this drug 
class much more palatable and convenient to take, 
potentially increasing compliance. A six-month clinical 
trial showed that compliance in patients receiving 
colesevelam 3.75 g/day was 88%.5 Evidence 
from clinical practice also supports the fact that 
colesevelam is generally well tolerated. 

Timing of dose and drug interactions
A major issue with BAS was the difficulties in timing 
of the dose, since they had to be administered 
three hours apart from other drugs, up to four 
times daily.9 The once- or twice-daily dose of 
colesevelam2 means that patients find it easier to 
co-ordinate their dose with the other drugs they 
are often taking. The unique polymer structure 
confers colesevelam a lower risk for potential drug 
interactions,10 thus giving colesevelam a significant 
advantage over other previously available BAS since 
it means that colesevelam can be taken with other 
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drugs, including statins,7 without the patient 
having to take other agents one to two hours 
before or four hours after their BAS. This was, 
at best, inconvenient and, at worst, led to 
discontinuation of therapy. 

The bioavailability of digoxin, metoprolol, 
quinidine and valproic acid has been confirmed 
to be unaffected to any great extent when taken 
with colesevelam. However, there is a reduction 
of the area under the curve (AUC) of sustained-
release verapamil with colesevelam. As with 
all agents, this drug’s inter-individual variability 
should not be forgotten.

It should also be noted that anticoagulant 
therapy should be monitored closely in patients 
on colesevelam also receiving warfarin or 
similar agents. BAS, including colesevelam, 
have been shown both to reduce absorption 
of vitamin K and to interfere with warfarin’s 
anticoagulant effect.7 

Discontinuation rates
Traditional BAS have been associated with high 
discontinuation rates, with 34% of patients 
stopping treatment over a one-year period, 
primarily due to adverse effects.11 During a clinical 
study in 3,806 patients receiving long-term 
colestyramine, at one year, 68% reported at least 
one moderate-to-severe GI adverse effect (39% 
moderate-to-severe constipation), compared with 
43% and 10%, respectively, for placebo therapy.12 
Discontinuation rates with colesevelam are 
expected to be low in view of its reduced risk for 
interactions and improved side effect profile.

Adverse events 
Adverse GI effects (constipation, dyspepsia and 
flatulence) are associated with the traditional 

BAS, colestipol and colestyramine.10 In clinical 
studies5 and in clinical practice,13 GI side effects 
with colesevelam are generally mild to moderate.7

Which patients?
Since its launch in the UK, colesevelam has 
proven to be of most value in clinical practice 
in two specific patient groups.

Difficult-to-treat patients, for primary 
or secondary prevention, e.g. familial 
hypercholesterolaemia (FH)
A significant number of patients with FH have 
very high cholesterol levels that are not lowered 
sufficiently using statins. An LDL-C target of 
2 mmol/L for secondary prevention is often 
difficult to achieve with statins, even at higher 
doses. Use of colesevelam is particularly of 
value in these patients who do not reach their 
LDL-C target levels, and appear to respond 
well to colesevelam. Fibrates are not a suitable 
option in this high-risk group since they do not 
sufficiently reduce LDL-C.

Statin-intolerant patients 
Statin-intolerant patients may benefit from 
colesevelam monotherapy. Intolerance to 
statins increases with increasing statin 
dose and age.10 Studies show that 7–9% of 
patients in the clinic population are intolerant 
to statins.14 This is often higher than that 
shown in clinical studies, which are obviously 
undertaken in a well-controlled environment.11 
While these patients are suitable candidates 
for consideration of colesevelam, efforts should 
be made to confirm that patients are truly 
intolerant to statins, since statins remain the 
most effective LDL-lowering drug available.

It should be noted that non-adherence is not 
the same as intolerance. The rate of non-
adherence to statins can be as high as 61.1% 
in the first year and, after three and six years, 
only 21.8% and 9.6% of patients, respectively, 
have been shown to remain on statins.15

Additional LDL-C reduction is seen when 
combining colesevelam with ezetimibe in 
patients who are intolerant to statins. The 
complementary mode of action of these two 
agents means that it is logical to use them 
together in difficult-to-treat patients. However, 
it must be noted that this is an unlicensed 
indication for colesevelam.16,17 Ezetimibe, a 
non-statin cholesterol-lowering agent, has 
recently been the subject of a National Institute 

for Health and Clinical Excellence (NICE) 
assessment and deemed cost-effective in high-
risk patients intolerant of statins.18 

LDL-C targets: current 
guidelines
LDL-C targets vary according to the specific 
guideline being followed: some suggest an 
LDL-C level below 2 mmol/L19 or a reduction 
of 30% from baseline. The recent lipid 
modification guideline does not recommend 
a target for primary prevention but the 
LDL-C target for secondary prevention is 
below 2 mmol/L. The LDL-C targets in the 
NICE diabetes guideline follow the Joint 
British Societies’ (JBS 2) recommendation of 
<2 mmol/L. Whatever the exact LDL-C targets, 
the message that ‘lower is better’ in high-risk 
patients is clear and, for some patients in 
clinical practice, this can be a challenge with 
statins alone or in combination with ezetimibe.

Failure to reach targets – why 
we need another cholesterol-
lowering agent
A large number of individuals still fail to reach 
LDL-C targets with the current lipid-lowering 
drugs. This is often due to non-compliance, 
intolerance, inadequate dosage or side effects 
at higher doses. Combination therapy for 
hyperlipidaemia is not as popular as that for 
hypertension. The reasons for this are the 
perceived increase in the incidence of side effects, 
such as myositis, and issues with compliance.

In one study in patients with moderate-to-
severe hypercholesterolaemia (LDL-C = 
4.1–6.6 mmol/L) with multiple risk factors 
(e.g. CHD, atherosclerosis, diabetes), 13–28% 
failed to reach LDL-C goals of <2.5 or 2.6 
mmol/L, despite either high-dose statin20 or 
statin plus ezetimibe.21 In another study, in 
patients with FH, 76–95% failed to reach 
LDL-C goals of <2.6 mmol/L, despite either 
high-dose statin22,23 or statin plus ezetimibe.23 
Even for hypercholesterolaemic patients without 
established coronary heart disease (CHD), 
approximately 40% require >30% reductions in 
LDL-C to achieve National Cholesterol Education 
Program (NCEP) target levels. These data 
suggest that a significant number of patients, 
with or without CHD, require more intensive 
lipid-lowering therapy than that used in current 

Figure 1. Mode of action of bile acid 
sequestrants

Conversion 
of cholesterol
in liver

Bile acids

Bile acids
excreted

Bile acid
resins



Copyright Medinews (Cardiology) Limited Reproduction Prohibited

Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews (Cardiology) Limited Reproduction Prohibited

Co
py

rig
ht

 M
ed

in
ew

s 
(C

ar
di

ol
og

y)
 L

im
ite

d 
R

ep
ro

du
ct

io
n 

Pr
oh

ib
ite

d

Volume 16 Issue 6 | November/December 2009 | The British Journal of Cardiology | 297

THERAPEUTICS

BAS	 Dose	 Cost per 28 days,  
		  based on list prices

Cholestagel® (colesevelam hydrochloride) 	 3.8 g/day	 £86.48 
625 mg tablets

Questran® (colestyramine anhydrous) 4 g/sachet	 12–24 g/day, max 36 g	 £19.19–£38.37

Colestid® (colestipol hydrochloride) 5 g/sachet	 5–10 g/day, max 30 g	 £14.05–£28.09

BAS	 Dose	 Cost per 28 days,  
		  based on list prices

practice.3 In our secondary/tertiary care settings, 
the proportion of patients referred who do not 
reach targets often require two or more drugs. 

Overview of clinical data for 
colesevelam
Key clinical evidence for colesevelam 
comprises two placebo-controlled trials5,6 
and three studies of combined treatment 
with a statin3,4,24 (table 1). Colesevelam has 
also been shown to have additive lowering 
effects on LDL-C levels in combination with 
ezetimibe16,17 and fenofibrate.25 However, these 
latter combinations are unlicensed indications. 
No comparative trials with colestyramine or 
colestipol have been published.26,27

From a clinical practice perspective, it is 
particularly important to note the results 
of the Hunninghake et al. study,3 since the 
combination of a low-dose statin (atorvastatin 
10 mg/day) plus colesevelam (3.8 g/day) 
achieved a similar reduction in LDL-C as high-
dose statin (atorvastatin 80 mg/day) alone.

other BAS currently available. When considering 
cost, BAS should not be compared against 
other drug groups since, when BAS need to be 
used, other options are often not appropriate. 
From the author’s experience, replacing other 
BAS with colesevelam in the formulary is not 
seen as a problem by most hospital pharmacies 
because the price difference is not significant 
between these agents.

Summary
Low-dose combination therapy with statins 
and non-statins is becoming more popular 
due to complementary mechanisms of 
action, potentially improved safety profile, 
and improved side effect profile compared 
with giving high-dose statins. Colesevelam 
offers us another drug in our armoury of 
effective LDL-C lowering agents and should 
be considered in those who are difficult-to-
treat and/or intolerant to statins, in whom 
LDL-C reduction is mandatory for long-term 
risk reduction.10 It is not always easy for us 
to achieve cholesterol targets and ensure 
compliance, but we must persevere with our 
difficult-to-treat patients using all the agents 
available to us • 
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Key messages
A large number of individuals still •	
fail to reach LDL-C targets with the 
most commonly used lipid-lowering 
drugs 

Colesevelam is a newer bile acid •	
sequestrant (BAS) preparation with 
improved gastrointestinal tolerability 

Colesevelam has been shown in •	
numerous studies to effectively 
lower low-density lipoprotein 
cholesterol with potential 
advantages over existing BAS

Patients who may benefit from •	
colesevelam include those with 
familial hypercholesterolaemia and 
an insufficient response to statins 
and those intolerant to statins

• In a 6-week, double-blind, randomised, 
multi-centre, placebo-controlled 
monotherapy trial, colesevelam 3.75 g/day 
decreased LDL-C by up to 19% and was 
well tolerated6,13

• In a 24-week randomised, double-
blind, placebo-controlled monotherapy 
trial in patients with primary 
hypercholesterolaemia, colesevelam  
4.5 g/day decreased mean LDL-C levels by 
up to 18% versus placebo, and was well 
tolerated without serious adverse events5

• Co-administration of colesevelam 3.8 g/day 
with atorvastatin 10 mg/day significantly 
lowered LDL-C, providing additive 
reductions in LDL-C levels compared with 
either agent alone. LDL-C reductions with 

this combination therapy (48%) were 
similar to those achieved with atorvastatin 
80 mg/day (53%)3

• Co-administration of colesevelam with 
simvastatin (colesevelam 2.4 g + 
simvastatin 10 mg, and colesevelam  
3.8 g + simvastatin 20 mg) led to a  
42% LDL-C reduction in patients with 
primary hypercholesterolaemia and 
was well tolerated, providing additive 
reductions in LDL-C levels compared with 
either agent alone4

• Co-administration of colesevelam 2.3 g/day 
with lovastatin 10 mg decreased LDL-C 
levels by 32% to 34%, providing additive 
reductions in LDL-C levels compared with 
either agent alone24

Table 1. Summary of results

Table 2. Costs of bile acid sequestrants (BAS)13,29

Colesevelam is not currently approved for 
use in children or pregnant women. However, 
although caution must clearly be exercised, it 
is this author’s view that colesevelam might 
be considered an option if treatment should be 
continued during pregnancy or when planning 
for pregnancy. BAS are not metabolised, and 
so systemic exposure of the foetus to the drug 
during pregnancy is unlikely.

Also of interest, colesevelam administered to 
people with type 2 diabetes has resulted in a 
decrease in blood glucose levels and glycated 
haemoglobin levels, shown in the glucose-
lowering effect of WelChol (GLOWS) study.28 

Cost issues
As always, cost must be a consideration. 
While there are no official cost-effectiveness 
data for colesevelam, e.g. from NICE, the 
cost of a typical one month’s treatment for 
the three BAS – Questran®, Colestipol® and 
Cholestagel® – can be seen in table 2.

It can be seen that, in fact, colesevelam can be 
considered to be cost-effective compared with 
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