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Abstract Hyperlipidemia is associated with an increased

risk of cardiovascular events; reducing low-density lipo-

protein cholesterol (LDL-C), the primary target for cho-

lesterol-lowering therapy, lowers the risk for such events.

Although bile acid sequestrants were the first class of drugs

to show a mortality benefit related to LDL-C lowering,

statins are now considered first-line pharmacological ther-

apy for reducing LDL-C levels because of their potency

and their remarkable record of successful outcomes studies.

Nevertheless, a substantial proportion of patients do not

achieve LDL-C goals with statin monotherapy. In addition,

because of adverse effects (primarily myopathy), some

patients may be unwilling to use or unable to tolerate statin

therapy at all or may not tolerate a full therapeutic statin

dose. Also, statins may increase risk of new-onset diabetes

in patients at high risk for diabetes. Thus, there remains a

need for other lipid-lowering drugs to be used in combi-

nation with or in place of statins. The purpose of this article

is to review available data from the literature on the use of

colesevelam, a second-generation bile acid sequestrant, in

combination with other lipid-lowering agents. Colesevelam

has been studied in combination with statins, niacin,

fibrates, and ezetimibe (including some three-drug combi-

nations). An additive reduction in LDL-C was seen with all

combinations. Other observed effects of colesevelam in

combination with other lipid-lowering drugs include

reductions in apolipoprotein (apo) B (with statins, fibrates,

ezetimibe, statin plus niacin, or statin plus ezetimibe) and

high-sensitivity C-reactive protein (with statins), and

increases in apo A-I (with statins, ezetimibe, or statins plus

niacin). Triglyceride levels remained relatively unchanged

when colesevelam was combined with statins, fibrates,

ezetimibe, or statin plus ezetimibe, and decreased with the

triple combination of colesevelam, statin, and niacin.

Colesevelam offset the negative glycemic effects of statins

and niacin in subjects with insulin resistance or impaired

glucose tolerance. Colesevelam was generally well toler-

ated when added to other lipid-lowering therapies in clin-

ical trials, with gastrointestinal effects such as constipation

being the predominant adverse events. Since colesevelam

is not absorbed and works primarily in the intestine, it has a

low potential for systemic metabolic drug–drug interac-

tions with other drugs. Colesevelam has been shown to not

interact with the lipid-lowering drugs lovastatin and

fenofibrate; where interaction may be anticipated, sepa-

rating dosing times by 4 h reduces the impact of any

interaction. Available data confirms that colesevelam has

additive cholesterol-lowering effects when used in combi-

nation with other lipid-lowering therapies. Furthermore, in

some patient populations, the additional glucose-lowering

effect of colesevelam may be beneficial in offsetting

hyperglycemic effects of other lipid-lowering drugs.

1 Introduction

Patients with hyperlipidemia have an increased risk of

stroke, myocardial infarction, cardiovascular disease, and

other complications [1]. The Third Report of the National

Cholesterol Education Program Expert Panel on Detection,

Evaluation, and Treatment of High Blood Cholesterol

in Adults (ATP-III) identified low-density lipoprotein
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cholesterol (LDL-C) as the primary target for cholesterol-

lowering therapy [1]. Based on ATP-III and a subsequent

update, LDL-C goals are defined as \160 mg/dL for

individuals with 0–1 risk factor, \130 mg/dL for those

with C2 risk factors, and \100 mg/dL for those with cor-

onary heart disease (CHD) or CHD risk equivalents, with

an optional goal of \70 mg/dL for those with both CHD

and additional risk factors [1, 2].

Prior to the advent of statins, bile acid sequestrants were

recommended as first-line therapy for lowering LDL-C

levels [3]. Early studies with cholestyramine and colestipol

showed reductions in total cholesterol [4–9] that were later

shown to be primarily attributable to reduced levels of

LDL-C [10]. The combination of bile acid sequestrants and

niacin was found to reduce LDL-C and increase high-

density lipoprotein cholesterol (HDL-C) levels [11, 12].

Importantly, a clinical trial with the bile acid sequestrant

cholestyramine, the Lipid Research Clinics Coronary Pri-

mary Prevention Trial, was the first to demonstrate that a

reduction in LDL-C levels (mean reduction 12 % vs. pla-

cebo) translated into a significant reduction in cardiovas-

cular risk over 7 years (19 % reduction in risk of CHD

death or nonfatal myocardial infarction; p \ 0.001) [13].

1.1 Statin Monotherapy: Strengths and Limitations

Inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A

reductase (statins) are considered first-line pharmacological

therapy for lowering LDL-C levels [1]. The West of

Scotland Coronary Prevention Study demonstrated that the

reduction in LDL-C with pravastatin (mean reduction 26 %

vs. no change with placebo) was accompanied by a sig-

nificant reduction in cardiovascular risk (31 % reduction in

risk of CHD death or nonfatal myocardial infarction;

p \ 0.001) over an average follow-up period of 4.9 years

among men with hypercholesterolemia and no history of

myocardial infarction [14]. A similar reduction in cardio-

vascular risk in the secondary prevention setting was

demonstrated by the Scandinavian Simvastatin Survival

Study; a reduction in LDL-C of 35 % (vs. ?1 % with

placebo) was accompanied by a 30 % reduction in total

mortality (p = 0.0003) and a 34 % reduction in risk of

major coronary events (p \ 0.00001) over a median of

5.4 years of follow-up [15]. Statins also reduce triglyceride

levels (7–30 %) and increase HDL-C levels (5–15 %) [1].

However, a substantial proportion of patients (up to

approximately 50 %) do not achieve LDL-C goals with

statin monotherapy [16–21]. Another consideration is that

some patients may be unwilling to use or unable to tolerate

statin therapy because of adverse effects. The most well-

known type of adverse effect associated with statin therapy

is myopathy, the effects of which can range in severity

from asymptomatic increases in creatine kinase, through

myalgias and muscle weakness, up to the rare but poten-

tially fatal rhabdomyolysis [22, 23]. Some patients may not

be able to tolerate maximal doses of statins, as adverse

effects associated with statin therapy are often dose related

[24, 25]. A meta-analysis of statin trials showed that the

use of intensive-dose statin therapy, compared with mod-

erate-dose therapy, was associated with a significant

increase in risk of any adverse event (odds ratio 1.44; 95 %

confidence interval [CI] 1.33–1.55; p \ 0.001) and risk of

adverse events leading to treatment discontinuation (1.28;

1.18–1.39; p \ 0.001) [26]. In the Study of the Effective-

ness of Additional Reductions in Cholesterol and Homo-

cysteine (SEARCH), patients with a history of myocardial

infarction receiving simvastatin 80 mg had an increased

risk of myopathy (0.9 vs. 0.03 %; relative risk 26.6, 95 %

CI 6.5–109.3; p \ 0.0001) and rhabdomyolysis (0.1 vs.

0.0 %) compared with patients taking simvastatin

20 mg/day [27]. Based on findings such as these, the US

Food and Drug Administration placed limitations on the

use of the 80-mg dose of simvastatin [23]. The results of

the Cholesterol Treatment Trialists’ meta-analysis pub-

lished in 2012 suggest that the present guidelines may need

to be reconsidered to include statin therapy for patients at

low risk of vascular disease, based on their observation that

the statin-associated benefit of a reduction in major vas-

cular events exceeded any known hazards of statin therapy

[28]. However, a recent retrospective cohort analysis by

Mansi et al. [29] concluded that further adverse event

studies are required, based on their finding that musculo-

skeletal conditions, arthropathies, injuries (dislocations,

strains, and sprains), and pain are more common in statin

users than in non-users. They concluded that ‘‘the full

spectrum of statins’ musculoskeletal adverse events may

not be fully explored, and further studies are warranted,

especially in physically active individuals’’ [29].

More recently, concerns have been raised with regard to

statins having unfavorable glycemic effects. A number of

studies have shown an increased risk of developing new-

onset diabetes associated with statin therapy [30–32],

particularly in individuals with multiple risk factors for

developing diabetes [33]. A dose effect has also been

shown for this increased risk with statins [31, 34]. In a

study in individuals at risk of developing type 2 diabetes

who were participating in lifestyle interventions, increased

fasting glucose levels were seen in statin users but not in

non-users [35]. Such findings have led to US labeling for

statins being updated to include warnings regarding

increased risk of elevated blood sugar levels. While short-

term cardiovascular benefit may outweigh long-term dia-

betes risk for many patients, for patients who are already at

risk of developing type 2 diabetes, clinicians may be

concerned about prescribing a lipid-lowering therapy that

may further increase diabetes risk.

316 M. R. Jones, O. M. Nwose



1.2 Combination Therapy

Combination therapy with other lipid-lowering agents has

the potential for additive reductions in LDL-C, although

additional cardiovascular benefit has not been demon-

strated. A meta-analysis indicated that the combination of

statins with fibrates or ezetimibe was not associated with

better clinical outcomes than high-dose statin mono-

therapy; limited outcomes data were available for combi-

nations of statins with other lipid-lowering agents [36].

Recent American Diabetes Association guidelines indicate

that combination lipid-lowering therapy is not broadly

recommended because of the lack of demonstrated incre-

mental cardiovascular benefit over that achieved with

statins [37]. Similarly, the current European Society of

Cardiology/European Atherosclerosis Society guidelines

for the management of dyslipidemia recommend consid-

ering combination therapy in high-risk individuals, those

with very high LDL-C levels, or in patients who are either

statin-intolerant or unable to tolerate higher statin doses

[38]. However, a systematic review of agents used to treat

dyslipidemias in clinical practice concluded that comple-

mentary effects of agents other than statins might sub-

stantially provide clinical benefits in not only individuals

with severe dyslipidemias but in other patients as well. The

author recommended that multiple drug combinations

should be more widely used to potentially get more people

to lipoprotein goals, even in light of the fact that cardio-

vascular outcomes data are lacking for such combination

therapies [39].

1.3 Purpose of this Review

Although statins have superseded bile acid sequestrants as

first-line lipid-lowering agents, bile acid sequestrants such

as the second-generation agent colesevelam can be used in

combination with a range of other classes of lipid-lowering

agents. The purpose of this article is to review available

data from the literature on the use of colesevelam in

combination with other lipid-lowering agents and report

the efficacy of these combination therapies in improving

the lipid profile as well as non-lipid parameters. The tol-

erability and safety of colesevelam in combination therapy

is also briefly discussed. Clinical outcomes data for

colesevelam, either as monotherapy or in combination with

other agents, were not included in this review, as the

literature search did not find any published outcomes data.

1.4 Methodology

This review is based on clinical trials reporting the lipid-

lowering effects of colesevelam used in dual or triple

combination with other lipid-lowering agents, including

statins, fibrates, niacin, and ezetimibe. Clinical study

publications were identified from MEDLINE literature

searches using the search terms ‘colesevelam’ and either

‘atorvastatin,’ ‘fluvastatin,’ ‘lovastatin,’ ‘pitavastatin,’

‘pravastatin,’ ‘simvastatin,’ ‘rosuvastatin,’ ‘gemfibrozil,’

‘fenofibrate,’ ‘clofibrate,’ ‘ezetimibe,’ ‘niacin,’ or ‘nico-

tinic acid.’ Studies reporting lipid-lowering efficacy results

were individually selected manually from the search results.

These search results included the lipid disorders hyper-

cholesterolemia, familial hypercholesterolemia, mixed

hyperlipidemia, and dyslipidemia, as well as the comor-

bidities diabetes, insulin resistance, and atherosclerosis.

2 Efficacy

2.1 Colesevelam in Dual Combinations

Studies evaluating colesevelam as part of a dual lipid-

lowering combination regimen have been conducted with

various statins, a fibrate, niacin, and ezetimibe.

2.1.1 Colesevelam Plus Statins

Colesevelam has been studied in combination with ator-

vastatin, lovastatin, rosuvastatin, and simvastatin in

patients with hypercholesterolemia. The combination of

colesevelam with a statin was more effective in lowering

LDL-C than the corresponding monotherapies (Fig. 1) [40–

42]. Notably, in a randomized, double-blind, placebo-

controlled, parallel-design, multicenter, 8-week study

evaluating the efficacy of colesevelam 3.75 g/day when

coadministered with atorvastatin 10 mg/day in 94 patients

with moderate hypercholesterolemia, the LDL-C reduction

achieved with colesevelam plus atorvastatin (48 %) was

not significantly different from that observed with atorva-

statin 80 mg/day (53 %) [41]. A prospective, randomized,

open-label, blinded endpoint study that assessed changes in

lipid profile as a secondary endpoint in 40 patients assigned

to colesevelam 3.75 g/day plus rosuvastatin 5 mg/day

combination therapy or rosuvastatin 10 mg/day mono-

therapy for 3 months showed that similar reductions in

LDL-C were also observed with colesevelam 3.75 g/day

plus rosuvastatin 5 mg/day and rosuvastatin 10 mg/day

alone in patients with hypercholesterolemia and insulin

resistance (-45 % for both) [43]. It should be noted that

the small sample size and open-label design were listed as

study limitations and could have potentially introduced

bias into the study’s findings.

The addition of colesevelam to existing statin therapy

has been shown to have an incremental benefit on LDL-C

levels. A pooled analysis of three randomized, double-

blind, placebo-controlled, parallel, 6-week clinical trials
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evaluated the efficacy of adding colesevelam 3.75 g/day or

placebo to stable existing statin therapy (atorvastatin,

pravastatin, or simvastatin) in 204 patients with primary

hypercholesterolemia. Study results showed a significant

incremental reduction in LDL-C with the addition of

colesevelam to statins (-9.2 %; p B 0.001) [44]. Simi-

larly, in a post hoc analysis of pooled data from three

double-blind, placebo-controlled studies in which

colesevelam 3.75 g/day or placebo was added to existing

metformin-, sulfonylurea-, or insulin-based therapy in

patients (N = 301, 437, and 280, respectively) with type 2

diabetes, among patients receiving statins at baseline, the

addition of colesevelam led to a significant reduction in

LDL-C (-15.6 %; p \ 0.0001) [45].

Levels of HDL-C significantly increased with both

colesevelam plus atorvastatin 10 mg/day and with atorva-

statin 80 mg/day alone, but the increase was numerically

greater for the combination (11 vs. 5 %). This may reflect a

paradoxical decrease in the effect on HDL-C at higher

doses of atorvastatin [41].

Changes in LDL-C were accompanied by reductions in

apolipoprotein (apo) B. Significant (p \ 0.05) reductions

from baseline in apo B were seen with colesevelam

monotherapy (-10 %), atorvastatin 10 mg/day (-32 %)

and 80 mg/day (-46 %), and colesevelam plus atorvastatin

10 mg/day (-38 %; p \ 0.05 for differences among

treatment groups) [41]. Similarly, in a multicenter, ran-

domized, double-blind, placebo-controlled trial to deter-

mine the lipid-lowering efficacy of colesevelam

coadministered with simvastatin in 251 patients with pri-

mary hypercholesterolemia, there was a significantly

greater reduction from baseline in apo B with colesevelam

plus simvastatin than with either agent as monotherapy

(-33 vs. -14 % and -20 %, respectively; p \ 0.05) [42].

Both dosing regimens of colesevelam plus lovastatin

achieved reductions in apo B (-24 % for both) that

exceeded those of the individual components (-3 and

-16 %, respectively) [40].

Increases in apo A-I were also observed with active

treatment [40–42]. In the atorvastatin study, significant

(p \ 0.05) increases from baseline in apo A-I were seen

only with colesevelam monotherapy (?4 %) and cole-

sevelam plus atorvastatin (?9 %); the differences among

treatment groups were also significant (p \ 0.0001) [41].

In the simvastatin study, significant increases from baseline

in apo A-I were seen with colesevelam alone (?4 %;

p \ 0.05), simvastatin alone (?5 %; p \ 0.05), and

Fig. 1 Percent reductions from baseline in low-density lipoprotein

cholesterol (LDL-C) in studies evaluating colesevelam (COL)

administered in combination with a statin: a COL and atorvastatin

(ATO) alone and in combination [41], b COL and lovastatin (LOV)

alone and in combination [40], and c COL and simvastatin (SIM)

alone and in combination [42]. ap \ 0.01 for all between-group

comparisons. bp \ 0.01 for all between-group comparisons except

COL ? ATO 10 mg/day vs. ATO 80 mg/day (p = 0.07). cp \ 0.05

vs. placebo. dp \ 0.05 vs. each monotherapy. ep \ 0.0001 vs.

placebo. fp B 0.001 vs. each monotherapy. gCOL and LOV given

together at dinner. hCOL given at dinner and LOV administered at

bedtime. ATO panel adapted from Hunninghake et al. [41], with

permission from Elsevier. LOV panel reproduced from Davidson

et al. [40], Copyright � 2001 Wiley Periodicals, Inc., with permission

from John Wiley & Sons, Inc. SIM panel adapted from Knapp et al.

[42], with permission from Elsevier

b
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colesevelam plus simvastatin (?10 %; p \ 0.0001) [42].

Similarly, in the lovastatin study, increases in apo A-I were

significant with colesevelam alone (?8 %; p \ 0.0001),

lovastatin alone (?5 %; p \ 0.05), and colesevelam plus

lovastatin dosed together (?5 %; p \ 0.05), but did not

reach statistical significance with colesevelam plus lova-

statin dosed apart (?4 %) [40].

Triglyceride levels generally decreased from baseline

with statin monotherapies, increased with colesevelam

monotherapy, and remained relatively unchanged with the

combination of colesevelam and a statin [40–42], although

the reductions with statin monotherapy in the atorvastatin

study (atorvastatin 10 or 80 mg/day) led to a significant

difference compared with the colesevelam monotherapy

and colesevelam plus atorvastatin 10 mg/day groups

(p \ 0.05) [41]. Significant increases in triglyceride levels

were reported in patients with type 2 diabetes in two piv-

otal trials where colesevelam was added to either sulfo-

nylurea- or insulin-based therapy [46, 47]; however, in a

third pivotal diabetes trial, triglyceride levels were not

significantly increased when colesevelam was added to

metformin-based therapy [48].

Some non-lipid parameters also showed findings of

interest in these studies. In the pooled analysis of double-

blind, placebo-controlled trials of colesevelam 3.75 g/day

or placebo added to statin therapy, a significant median

reduction in high-sensitivity C-reactive protein levels was

seen with the addition of colesevelam (-23.3 %; p \ 0.01)

[44]. In addition, in the study of colesevelam 3.75 g/day

plus rosuvastatin 5 mg/day or rosuvastatin 10 mg/day

alone in patients with hypercholesterolemia and insulin

resistance, homeostasis model assessment of insulin resis-

tance index increased in the rosuvastatin monotherapy

group and decreased in the combination therapy group,

leading to a significant between-group difference (?15 vs.

-32 %; p \ 0.05).[43]

2.1.2 Colesevelam Plus Fibrates

The primary effects of fibrates include reduction of tri-

glycerides (20–50 %) and increases in HDL-C levels

(10–20 %); moderate increases in LDL-C (5–20 %) may

also be observed, but the effects vary depending on the

patient’s lipid profile [1, 49]. One study has evaluated the

dual combination of colesevelam and a fibrate.

This randomized, double-blind, placebo-controlled,

parallel-group study investigating the efficacy of fenofi-

brate plus colesevelam HCl versus fenofibrate mono-

therapy included a 4- to 8-week washout period followed

by an 8-week run-in period wherein 129 patients with

mixed hyperlipidemia were administered fenofibrate

160 mg/day. Patients were then randomized to receive

fenofibrate in combination with colesevelam 3.75 g/day or

placebo for 6 weeks [50]. Colesevelam plus fenofibrate

produced significantly greater reductions in LDL-C levels

than fenofibrate monotherapy from the end of the run-in

period to study end (-10.4 vs. ?2.3 %; p \ 0.0001);

effects on apo B were similar (-7.3 vs. ?0.8 %;

p = 0.0002). There was a slight increase in triglycerides in

the combination therapy group and a slight decrease in the

fenofibrate monotherapy group (?5.6 vs. -2.6 %), but

there was no significant difference between the groups

[50]. Similarly, HDL-C levels slightly increased in the

combination therapy group and slightly decreased in

the fenofibrate monotherapy group (?0.2 vs. -1.1 %;

p = 0.3854). Colesevelam and fenofibrate had additive

effects on LDL-C levels, regardless of whether patients’

triglyceride levels were [200 mg/dL. This is relevant for

patients with mixed hyperlipidemia, as those with triglyc-

eride levels [200 mg/dL often have unchanged or

increased LDL-C levels following initiation of fibrate or

niacin monotherapy, suggesting a need for treatments that

lower both LDL-C and triglyceride levels [50]. It should be

noted that colesevelam is contraindicated in patients with

triglyceride levels [500 mg/dL [51].

2.1.3 Colesevelam Plus Niacin

Niacin primarily increases HDL-C levels (15–35 %), and

to a lesser extent reduces triglycerides (20–50 %), with

moderate LDL-C-lowering effects (5–25 %) [1]. One

recent study evaluated the dual combination of coleseve-

lam and niacin. In the study, adults with dyslipidemia and

impaired fasting plasma glucose levels were randomized to

receive colesevelam 3.75 g/day (n = 70) or placebo in

addition to niacin (n = 70; titrated from 500 mg/day up to

a maximum of 2,000 mg/day, based on tolerability) for

12 weeks [52]. Significantly greater reductions in LDL-C

were seen with colesevelam compared with placebo (-20.7

vs. -12.9 %; p = 0.0088). In addition, colesevelam was

shown to offset the adverse effects of niacin on glucose

metabolism; subjects who received colesevelam had sig-

nificantly smaller increases in fasting plasma glucose (1.8

vs. 6.7 mg/dL; p = 0.0046) and hemoglobin A1c (0.06 vs.

0.18 %; p = 0.005) compared with those who received

placebo [52].

Although colesevelam/niacin combination therapy

demonstrated lipid-lowering and metabolic benefits versus

the placebo/niacin combination, results of the AIM-HIGH

and HPS2-THRIVE studies suggest that the use of niacin in

lipid-lowering combination therapy may be limited

[53, 54]. These studies demonstrated that the addition of

niacin to a statin had no incremental benefit in reducing

cardiovascular events (AIM-HIGH) or the risk of heart

attacks, strokes, or operations to open blocked arteries

(HPS2-THRIVE) in patients with well-controlled LDL-C
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levels. Furthermore, the unwanted side effects associated

with the addition of niacin appeared to outweigh the ben-

efits of its use [53, 54].

2.1.4 Colesevelam Plus Ezetimibe

Ezetimibe primarily reduces LDL-C levels (*19 %), with

more modest reductions in triglycerides (*8 %) and

increases in HDL-C (3 %) in patients with primary (het-

erozygous familial and non-familial) hypercholesterolemia,

as shown by Pandor et al. [55] in a systematic review and

meta-analysis of randomized controlled trials comprising

2,722 patients administered ezetimibe monotherapy for a

minimum treatment period of 12 weeks. As this was a

meta-analysis, the authors noted that although there was no

statistical evidence of significant heterogeneity in the

assessed trials, differences in patient characteristics or the

trial designs between the studies could have potentially

influenced the results [55]. Limited studies have been

conducted with the dual combination of colesevelam and

ezetimibe. A small, double-blind, randomized, parallel-

design pilot study in adults with hypercholesterolemia

(N = 20) indicated that the incremental LDL-C-lowering

effects of adding colesevelam 1.875 g/day to ezetimibe

10 mg/day for 12 weeks was not statistically significant

(-30 vs. -24 %; p = 0.102) [56]. The small number of

patients in this study and the lack of assurance that patients

in the two treatment groups did not differ in some respects

were listed as relevant study limitations [56].

However, in a larger multicenter, randomized, double-

blind, placebo-controlled, parallel-group study in 86

adults with primary hypercholesterolemia that was

designed to determine the superiority of colesevelam

3.75 g/day plus ezetimibe 10 mg/day versus ezetimibe

alone, a significantly greater reduction in LDL-C was

seen with colesevelam plus ezetimibe, compared with

ezetimibe monotherapy, for 6 weeks (-32.3 vs. -21.4 %;

p \ 0.0001) [57]. In addition, subjects receiving coles-

evelam plus ezetimibe, compared with ezetimibe mono-

therapy, had a significantly greater reduction in apo B

(-22.7 vs. -14.8 %; p = 0.0001) and increase in apo A-I

(?6.7 vs. ?1.3 %; p = 0.0036). There was a slight

increase in triglycerides in the combination therapy group

and a slight decrease in the ezetimibe monotherapy group

(?4.9 vs. -2.8 %), but there was no significant difference

between the groups [57]. Thus, it is possible to achieve

LDL-C reductions with this combination that are similar

to those seen with low-dose statin monotherapy. A limi-

tation of this study was that levels of ezetimibe were not

calculated. Consequently, the study could not assess if

colesevelam had an effect on ezetimibe absorption [57].

However, it is noteworthy that the two agents were not

coadministered, i.e., ezetimibe was administered at bed-

time whereas three tablets of colesevelam were taken with

each morning and evening meal or six tablets with the

evening meal.

2.2 Colesevelam in Triple Combinations

Two studies have evaluated the efficacy of colesevelam-

based, triple-drug combination lipid-lowering regimens. A

randomized, double-blind, partially placebo-controlled,

1-year study in adults with atherosclerotic disease and

dyslipidemia (N = 123) evaluated the incremental effects

of adding extended-release niacin (titrated from 500 mg/

day to 2 g/day) and colesevelam 3.75 g/day to atorvastatin

10–80 mg/day [58]. Compared with atorvastatin mono-

therapy, there was no further reduction in LDL-C with

atorvastatin plus niacin (-47 % for both), but a signifi-

cantly greater reduction was achieved with atorvastatin

plus niacin plus colesevelam (-57 %; p = 0.001); a lower

average atorvastatin dose was required to meet LDL-C

targets with dual and triple therapy. In addition, the triple-

combination group, compared with the atorvastatin

monotherapy group, had significantly greater reductions in

apo B (-51 vs. -40 %; p \ 0.01) and triglycerides (-42

vs. -25 %; p \ 0.01) and a significantly greater increase in

apo A-I (?15 vs. ?7 %; p = 0.01). Changes in apo B

(-45 %), triglycerides (-33 %), and apo A-I (?11 %) in

the dual-combination group were not significantly different

from those in the atorvastatin monotherapy group [58].

The addition of colesevelam to stable, maximally tol-

erated therapy with a statin plus ezetimibe for 12 weeks in

adults with familial hypercholesterolemia resulted in sig-

nificantly greater reductions in LDL-C (-11.4 vs. ?0.6 %;

p \ 0.001) and apo B (-6.0 vs. ?4.6 %; p = 0.01) com-

pared with placebo [59]. Triglyceride levels increased in

both groups, resulting in no significant between-group

difference. An unexpected finding was that hemoglobin

A1c was significantly reduced in patients receiving coles-

evelam as compared with placebo (least-squares mean

treatment difference -0.12 %; p \ 0.05). The patients’

mean baseline hemoglobin A1c of 5.7–5.8 % suggests that

many were at high risk for development of new-onset type

2 diabetes [59].

3 Safety and Tolerability

Colesevelam, which is not systemically absorbed, was

generally well tolerated when added to other lipid-lowering

therapies [40–42, 50, 57, 59]. Adverse event profiles were

similar to the comparators, apart from a slight increase in

gastrointestinal adverse events such as constipation in
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some studies [40, 50, 57, 59]. Statistical significance was

assessed and showed no differences in the incidence of

constipation in the lovastatin combination study (placebo,

4 %; colesevelam monotherapy, 10 %; lovastatin mono-

therapy, 0 %; colesevelam plus lovastatin dosed together,

7 %; colesevelam plus lovastatin dosed apart, 4 %) [40],

and the study assessing the triple combination of coles-

evelam, ezetimibe, and a statin (colesevelam, 9 %; pla-

cebo, 5 %) [59].

Colesevelam has a low propensity for drug–drug inter-

actions, and those that occur can typically be minimized by

staggering drug administration by 4 h [60–63]. Notably,

although drug–drug interactions with a number of lipid-

lowering therapies (including simvastatin, fluvastatin,

gemfibrozil, and ezetimibe) have been reported with the

first-generation bile acid sequestrants [64–67], colesevelam

has been shown to have no pharmacokinetic drug–drug

interactions with lovastatin or fenofibrate [68, 69].

It should be noted that the colesevelam prescribing

information states that the use of colesevelam is contrain-

dicated in patients with triglyceride levels [500 mg/dL,

and that colesevelam should be discontinued if triglycer-

ides exceed 500 mg/dL or if the patient develops hyper-

triglyceridemia-induced pancreatitis [51].

4 Conclusions

Colesevelam has additive cholesterol-lowering effects

when used in combination with other lipid-lowering ther-

apies. This is relevant to not only patients who are resistant

or intolerant to statins, but also patients with mixed

hyperlipidemia. In some patient populations, the additional

glucose-lowering effect of colesevelam may be beneficial

in offsetting hyperglycemic effects of other lipid-lowering

drugs. The effect of colesevelam on cardiovascular mor-

bidity and mortality has not been established. Colesevelam

is generally well tolerated, with a low potential for sys-

temic metabolic drug–drug interactions. More research is

needed with combination therapy, including combinations

with colesevelam.
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