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Functional foods and dietary supplements might have a role in supporting drug therapy. These products may (1) have an additive effect to the
effect that a drug has in reducing risk factors associated with certain conditions, (2) contribute to improve risk factors associated with the
condition, other than the risk factor that the drug is dealing with, or (3) reduce drug-associated side effects, for example, by restoring depleted
compounds or by reducing the necessary dose of the drug. Possible advantages compared with a multidrug therapy are lower drug costs, fewer
side effects and increased adherence. In the present review we have focused on the support of statin therapy using functional foods or dietary
supplements containing plant sterols and/or stanols, soluble dietary fibre, n-3 PUFA or coenzyme Q10. We conclude that there is substantial
evidence that adding plant sterols and/or stanols to statin therapy further reduces total and LDL-cholesterol by roughly 6 and 10 %, respectively.
Adding n-3 PUFA to statin therapy leads to a significant reduction in plasma TAG of at least 15 %. Data are insufficient and not conclusive to
recommend the use of soluble fibre or coenzyme Q10 in patients on statin therapy and more randomised controlled trials towards these combinations are warranted. Aside from the possible beneficial effects from functional foods or dietary supplements on drug therapy, it is important
to examine possible (negative) effects from the combination in the long term, for example, in post-marketing surveillance studies. Moreover, it
is important to monitor whether the functional foods and dietary supplements are taken in the recommended amounts to induce significant effects.
Combination therapy: Dyslipidaemia: Statins: Functional foods

The world market for functional foods (FF) and dietary supplements (DS) is expanding rapidly. In 2010 FF are expected
to represent 5 % of the total global food market(1) and the
market for DS is estimated at more than $60 billion worldwide(2). In general, the target population of FF or DS is
healthy individuals with slightly elevated risk factors or
some physical discomfort. However, due to the fast growing
market of FF or DS and the accompanying strong advertising
and marketing, also patients on medication may be stimulated
to use FF or DS. This may have several consequences for the
quality of drug treatment as stated by de Jong et al. with the
example of the combined intake of plant sterols and/or stanols
and statins(3). Whereas they addressed the additive effect of
plant sterols and/or stanols on reducing LDL-cholesterol
values in patients on statin treatment, their main focus was
the possible negative aspects of the combination, such as
unfavourable effects on patient adherence with drug treatment
and increasing the potential for food– drug interactions.

In the present review we will focus on the possible beneficial effects that FF or DS may have on drug therapy.
Because of the large number of subjects treated suboptimally
with statins (hydroxymethylglutaryl CoA (HMG-CoA)
reductase inhibitors)(4) and the availability of several FF and
DS possibly contributing to the beneficial effects of statin
treatment, we will put special emphasis on this group of drugs.
In theory, FF or DS may support drug therapy in three
different ways.
First, FF or DS may add to the effect that a drug has in
reducing risk factors associated with certain conditions or
diseases. For the example of statin therapy, statins reduce
LDL-cholesterol by 18 –55 % (mean absolute LDL-cholesterol
reduction: 1·8 mmol/l)(5 – 8) and plant sterols and/or stanols and
soluble dietary fibres are thought to reduce LDL-cholesterol
levels even further when added to the statin treatment.
Second, certain FF or DS may improve risk factors associated with the condition, other than the risk factor that the drug

Abbreviations: ABC, ATP-binding cassette; CoQ10, coenzyme Q10; DS, dietary supplements; EFSA, European Food Safety Authority; FDA, Food and
Drug Administration; FF, functional foods; FH, familial hypercholesterolaemia; HC, hypercholesterolaemic; HMG-CoA, hydroxymethylglutaryl CoA;
IDL, intermediate-density lipoprotein.
* Corresponding author: Dr O. H. Klungel, fax þ31 30 253 9166, email O.H.Klungel@uu.nl

Downloaded from https://www.cambridge.org/core. IP address: 3.231.230.175, on 15 Apr 2021 at 06:03:12, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007114509993230

British Journal of Nutrition (2010), 103, 1260–1277
q The Authors 2010

British Journal of Nutrition

is dealing with. In our example, statins are highly effective in
lowering total and LDL-cholesterol, but statin monotherapy
may not be sufficient to reach goals for TAG concentrations.
Depending on the type of statin and its dose, TAG are lowered
only by 7 –30 %(5). Supplementing patients with n-3 PUFA
will lower TAG and might improve statin therapy, since
both cholesterol and TAG levels are lowered.
Third, FF or DS may be capable of reducing drug-associated side effects, for example, by restoring depleted compounds. With statin treatment, adverse events such as
musculoskeletal complaints have been reported in 1–7 % of
statin users(9) and it has been hypothesised that statin-induced
coenzyme Q10 (CoQ10) deficiency is involved in this. Supplementing CoQ10 might reduce musculoskeletal complaints.
Besides, in patients who reach recommended goals for risk
factors but experience side effects with drug use, combination
therapy of the drug and a FF or DS might be an alternative
with the potential of reducing the drug dose and as a result
the side effects, while levels of risk factors remain constant.
Subsequently, it is conceivable that patients experiencing
fewer side effects will have a better adherence to drug treatment. Adherence might also be higher with the combination
therapy of a FF or DS and a statin compared with a multidrug
therapy, as patients might be more willing to slightly modify
their diet by replacing normal food items with comparable
FF, compared with taking another drug; patients’ perception
of overmedication has been found to correlate with selfreport of decreased adherence(10). Other advantages of the
combination therapy with FF or DS compared with multidrug
therapy are the lower drug costs and the reduced risk for interactions and serious side effects(11).
For the present review, we reviewed the data from clinical
and observational studies that have investigated the effects of
the use of FF or DS in patients on statin treatment. We
selected four categories: FF or DS containing (1) plant sterols
or stanols, (2) soluble dietary fibre, (3) n-3 PUFA, and (4)
CoQ10. We investigated whether these FF or DS have been
demonstrated to support statin therapy in one of the three
ways described above.
The present review should not be viewed as comprehensive
in covering all possible beneficial combination therapies of FF
or DS and statins. Rather, the authors’ intent is to focus on
different mechanisms of action by which FF or DS may
support statin treatment and to provide a full coverage of
the literature of the examples of combination therapies given.
Literature search
Computerised searches for relevant articles in the PubMed
electronic database were performed between March and
August 2008, using Medical Subject Heading (MeSH) terms
or text words combi*, supple* or interact* with statin*, antilipemic agents, anticholesteremic agents or hydroxymethylglutaryl CoA reductase inhibitors, and combined to one of the
search items for the specific FF or DS as noted in Table 1.
The search was limited to articles written in English or
Dutch and studies performed in human subjects. Studies conducted in patients with medical conditions other than hyperlipidaemia, for example, cancer or diabetics, were excluded.
Relevant articles were selected from the title and abstract.
Moreover, additional articles were selected from citations in
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Table 1. Literature search
FF or DS
Containing plant
sterols or stanols
Containing soluble
dietary fibre
Containing n-3
PUFA
Containing
coenzyme Q10

Literature search
Phytosterol [MeSH], plant sterol*, plant stanol*,
phytosterol*, phytostanol*, stanol ester*
or sterol ester*
Dietary fibre [MeSH], dietary fibre, soluble
fibre, soluble fibre, beta-glucans [MeSH],
psyllium [MeSH], oat*, yeast, barley or pectin
Omega-3 fatty acids [MeSH], omega-3 fatty
acid*, w-3 fatty acid*, n-3 fatty acid*,
fish oil or marine oil
Ubiquinone [MeSH], ubiquinone, coenzyme
Q10 or Q10

FF, functional food; DS, dietary supplement; MeSH, Medical Subject Heading.

the publications found. Two authors of this report (S. E. and
C. R.) independently reviewed the methodological quality of
the included trials using the Jadad scoring system to evaluate
the effect of study quality on the observed results. This validated scoring system assigns points for randomisation,
double-blinding, and documentation of patient withdrawal,
as well as additional points for the appropriateness of the randomisation and blinding methods(12). Trials scoring 3 points or
above, out of a maximum of 5, are generally considered to be
of good methodological quality. Discrepancies between the
two authors were settled through discussion.
In the following section we will first explain our current
understanding of the mechanism of action by which the FF
or DS may support statin treatment. Subsequently, the effects
of the FF or DS in the healthy population and approved
health claims will be discussed and we will summarise the
results of clinical and observational studies exploring the combination therapy. Finally, safety aspects of the combination
are addressed.
Plant sterols and stanols
Mechanism of supporting statin therapy
Plant sterols and stanols lower serum levels of total
cholesterol and LDL-cholesterol through a different mechanism compared with statins. Whereas statins inhibit hepatic
cholesterol synthesis, plant sterols and stanols reduce the
intestinal absorption of cholesterol. Therefore it is thought
that both mechanisms work simultaneously when statins and
plant sterols and/or stanols are taken together. It is generally
assumed that plant sterols and stanols compete with both
dietary and biliary cholesterol for solubilisation into mixed
micelles. Because plant sterols and stanols are more hydrophobic than cholesterol, they have a higher affinity for the
micelle(13,14). Other mechanisms proposed are the interference
with the cholesteryl ester-mediated hydrolysis process necessary for absorption, and/or stimulation of the ATP-binding
cassette (ABC) transporter expression by plant sterols and
stanols(13,15 – 17). The ABCG5 and ABCG8 transporters
actively transport dietary sterol out of the enterocytes back into
the intestinal lumen, thereby limiting the amount of sterol
absorbed. ABCA1 may also participate in this process(18).
However, studies in plant sterol- and stanol-treated ABCA1and ABCG5/G8-deficient mice have not demonstrated the
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involvement of these ABC transporters in the reduction of
intestinal cholesterol absorption(19). Differences in ABCG5
and ABCG8 genes between humans and murines might
(partly) explain these results(20).
Decreased cholesterol absorption is associated with a
compensatory increase in cholesterol synthesis and an increase
in LDL receptor expression. This elevated expression may not
only lead to an increased clearance of LDL from the circulation, but also of intermediate-density lipoprotein (IDL).
Because IDL is the precursor of LDL-cholesterol, this may
ultimately lead to a decreased LDL production. The net

result of the lower cholesterol absorption, higher LDL
expression and higher endogenous cholesterol synthesis is a
reduction in serum total and LDL-cholesterol concentration(13,17) (Fig. 1).
Estimated effects of plant sterols and stanols on lipid levels
and health claims
Plant sterol and stanol esters have been incorporated in dairy
products such as low-fat margarine, milk and yoghurt. Also
cereals, bread and orange juice containing esterified or non-
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Fig. 1. Postulated cholesterol-lowering mechanisms of statins, plant sterols and stanols and soluble dietary fibre. Statins inhibit the enzyme hydroxymethylglutaryl
CoA (HMG-CoA) reductase (1). Plant sterols and stanols compete with cholesterol for solubilisation into mixed micelles (2), leading to a reduced luminal absorption
of cholesterol and/or they induce a higher expression of the ATP-binding cassette (ABC) transporter (3), resulting in an efflux of cholesterol back into the intestinal
lumen. Both mechanisms lead to an increased faecal output (4)(13,17). Soluble dietary fibre interrupts with cholesterol and/or bile acid (re)absorption (5), either
by binding bile acids or by forming a thick unstirred water layer in the intestinal lumen, leading to an increased faecal output (4). Compensatory up-regulation of
the enzyme cholesterol 7-a-hydroxylase (6) increases the conversion of cholesterol into bile acids. All processes will result in a reduction in the cholesterol content
of liver cells what will lead to an up-regulation of LDL receptors (LDLr) and ultimately in an increased clearance of circulation LDL-cholesterol (LDLc) (7)(59,66,68).
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esterified plant sterols or stanols are available on the market.
Since 2001, the Adult Treatment Panel of the US National
Cholesterol Education Program has recommended the use of
plant sterols or stanols (2 g/d) in conjunction with other lifestyle changes to enhance LDL-cholesterol reduction. The
panel states that daily intake of 2–3 g plant sterol or stanol
esters will reduce LDL-cholesterol by 6– 15 %(5). Plant sterols
and stanols do not have an effect on TAG or HDL-cholesterol
levels(21,22). However, two recent meta-analyses evaluated
the LDL-cholesterol-lowering effects of plant sterols and/or
stanols. Both found that LDL-cholesterol reduction was
approximately 0·33 mmol/l for a mean daily intake of
2·1– 2·5 g plant sterols and/or stanols(23,24).
Plant sterols and stanols have approved health claims in the
USA and in Europe. According to the United States Food
and Drug Administration (FDA) there is significant scientific
agreement for a consistent, clinically significant effect of
plant sterols and stanols on blood total and LDL-cholesterol
in both mildly and moderately hypercholesterolaemic (HC)
populations. Therefore it has authorised the use of health
claims on the association between plant sterol and stanol
esters and reduced risk of CHD on food labels. The claims
states that ‘Diets low in saturated fat and cholesterol that
include two servings of foods that provide a daily total of at
least 1·3 g of plant sterol esters or 3·4 g of plant stanol esters,
may reduce the risk of heart disease’(25,26). Based on the scientific evidence available at the time of evaluation, the FDA
made a distinction between the amount of plant sterols and
plant stanols necessary to lower total and LDL-cholesterol.
However, in a clinical trial comparing the cholesterol-lowering
efficacy of plant sterols and plant stanols, published shortly
after the claim authorisation, no significant difference between
esterified plant sterols and plant stanols was found(27).
Since January 2007, Regulation 1924/2006 applies to nutrition and health claims made in commercial communications in
all European Union countries(28). The European Food Safety
Authority (EFSA) was requested to evaluate scientific data
on plant sterols and stanols in accordance with the Regulation
and approved in 2008 health claims stating: ‘Plant sterols and
plant stanol esters have been shown to lower/reduce blood
cholesterol. Blood cholesterol lowering may reduce the risk
of coronary heart disease’(29,30). This advice has been provided
to the European Commission and member states who will
adopt and authorise the health claims(31).
As concerns safety, the Scientific Committee on Food
has assessed plant sterol-enriched foods under the novel
foods procedure (European Union Regulation 258/97)(32).
They concluded that a maximum level of 8 % non-esterified
plant sterols, consisting of 30 –65 % b-sitosterol, 10 –40 %
campesterol, 6–30 % stigmasterol and a total of 5 % other
plant sterols, is safe for human use, also stating that patients
on cholesterol-lowering medication should only consume the
enriched products under medical supervision(33). Plant stanols
were not assessed through the novel foods procedure as these
products were consumed in Finland already before 1997(34).
Effects of combination therapy with plant sterols and/or
stanols and statins
Vanhanen(35) was the first to conduct a clinical trial towards
the effects of sitostanol esters on lipid levels in patients on
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pravastatin treatment. It was found that the daily addition of
1·5 g sitostanol ester did not lower serum total or LDL-cholesterol after 6 weeks of supplementation. In contrast, subsequent
studies, using higher doses, all reported that plant sterols or
stanols in combination with various statins have additive
effects on total and LDL-cholesterol reduction in patients
with (familial) hypercholesterolaemia (FH), as summarised
in Tables 2–4.
In Table 2, results of clinical studies are presented that
investigated the effects of adding plant sterols or stanols,
either in tablet form or incorporated into food products, on
lipid levels in patients on (stable) statin treatment. In seven
studies, using doses of plant sterols or stanols varying from
1·8 g/d to 6·0 g/d and with intervention periods between 4
and 16 weeks, effects were found ranging from a 6 to 10 %
decrease for total cholesterol and from a 6 to 15 % decrease
for LDL-cholesterol. Absolute reductions in total and LDLcholesterol ranged from 0·31 to 0·62 mmol/l and from 0·30
to 0·67 mmol/l, respectively. The largest reductions were
found in a cross-over trial conducted in patients with FH(36),
although these reductions are probably partly caused by the
low-fat spread as the results were not corrected for changes
in a placebo-controlled group and no run-in period on placebo
spread was used.
The results for total cholesterol were statistically significant
for five out of seven studies(36 – 40), and either borderline
significant (P¼0·052)(41) or non-significant(42) for the two
remaining studies. Reductions in LDL-cholesterol were not
significantly different between the intervention and control
group only in a single-blind study performed by Castro
Cabezas et al. (42). This may have been due to the significant
reduction in LDL-cholesterol in both the intervention and
the control group, caused by the nutritional guidelines and
low-fat margarines given to both groups, which may have
made it more difficult to find significant differences in
reductions between the two groups. The methodological quality of this clinical trial was poor based on components
assessed by the Jadad scale. The majority of the studies did
not find any significant effects of plant sterols or stanols on
HDL-cholesterol or TAG, nor were the effects of plant sterols
different compared with the effects of plant stanols. However,
Ketomaki et al. found in a study consisting of two consecutive
4-week intervention periods with either a plant stanol ester or
a plant sterol ester that only during the sterol ester period
HDL-cholesterol increased and TAG levels decreased
significantly(36). This study achieved a Jadad score of 3; no
placebo-controlled group was included in this study, possibly
leading to flawed results.
Table 3 shows the results of studies investigating the differences in effects that plant sterols or stanols have on lipid levels
in statin users and non-statin users. All studies have demonstrated that if plant sterols or stanols are added to a statin,
the effect on cholesterol reduction is similar(40,43) or even
higher(44) compared with that observed with the use of the
plant sterols or stanols alone.
De Jong et al. (45) and Wolfs et al. (46) also investigated the
cholesterol-lowering effects of plant sterol- and stanolenriched margarine (no differentiation between plant sterols
and stanols) between statin users and non-statin users in a
post-marketing surveillance setting over 5 years. These
authors suggest that plant sterols and stanols have an additive

Downloaded from https://www.cambridge.org/core. IP address: 3.231.230.175, on 15 Apr 2021 at 06:03:12, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007114509993230

Support of drug therapy using foods

British Journal of Nutrition
1264
Table 2. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and plant sterols or stanols: effects of plant sterols or
stanols in statin users
Net change in lipid levels‡
Jadad
score

Vanhanen
(1994)(35)

DB, PC, R

3

HC on pravastatin
therapy $ 1 year (n 14)

Richter
(1996)(39)
Blair et al.
(2000)(37)

R, OL

1

DB, PC, R

4

HC on lovastatin therapy
for 16 weeks (n 30)
HC on stable statin therapy
$ 3 months (n 167)

Simons
(2002)(40)

DB, PC, R

4

HC (n 75)§

Ketomaki et al.
(2005)(36)

DB, R,
AC, CO

3

FH on stable statin therapy
$ 2 months (n 18)

Subjects

Castro Cabezas
et al. (2006)(42)

SB, PC, R

1

HC on stable statin therapy
$ 6 months (n 20)

Goldberg et al.
(2006)(38)

DB, PC, R

4

HC on stable statin therapy
$ 3 months (n 26)

De Jong et al.
(2007)(41)

DB, PC, R

4

HC on statin therapy (n 41)

Plant sterol or stanol/
control intervention
1·5 g sitostanol ester per d in
mayonnaise (n 7)/P: rapeseed
oil-based mayonnaise (n 7)
6·0 g b-sitosterol per d in
tablets (n 15)/2 (n 15)
5·1 g plant stanol ester per d
in spread (n 83)/P: rapeseed
oil-based spread (n 84)
Cerivastatin þ 2 g plant sterol
ester per d in spread
(n 37)/cerivastatin þ P:
regular spread (n 38)
2 g plant stanol ester per d and
2 g plant sterol ester per d
in spread, CO (n 18)

3 g plant stanol ester per d in
spread (n 11)/P: regular
spread (n 9)
1·8 g soya stanol per d in tablets
(n 13)/P: starch-containing
tablets (n 13)
2·5 g plant stanol (n 15) or sterol
ester per d in spread (n 15)/P:
‘light’ spread (n 11)

Study
duration

Total cholesterol

LDL

HDL

TAG

6 weeks

2 0·17 mmol/l

2 0·07 mmol/l

NS

NS

12 weeks

2 7·4 %
(2 0·54 mmol/l)*
2 6·9 %
(2 0·41 mmol/l)***

2 10·3 %
(2 0·55 mmol/l)*
2 10·0 %
(2 0·36 mmol/l)***

NS

NS

NS

NS

4 weeks

2 5·7 %*

2 6·1 %*

NS

NS

4 weeks,
4 weeks (CO)

2 9·8 %
(2 0·62 mmol/l)*k

2 14·8 %
(2 0·67 mmol/l)*k

Stanol: NS

Stanol: NS

Sterol: þ 8·7 %
(þ 0·11 mmol/l)**
NS

Sterol: 2 11·8 %
(2 0·14 mmol/l)**
NS

8 weeks

6 weeks

2 6·6 %
(2 0·40 mmol/l)

2 7·9 %
(2 0·30 mmol/l)

6 weeks

2 5·7 %
(2 0·31 mmol/l)*

2 9·1 %
(2 0·32 mmol/l)**

NS

NS

16 weeks

2 6·9 %
(2 0·39 mmol/l)†k

2 10·3 %
(2 0·34 mmol/l)*k

NS

NS

S. Eussen et al.

Type of
study

Author

DB, double-blind; PC, placebo-controlled; R, randomised; HC, hypercholesterolaemic; P, placebo; OL, open-label; AC, active controlled; CO, cross-over; FH, familial hypercholesterolaemia; SB, single-blind.
* P, 0·05, ** P,0·01, *** P,0·001.
† Borderline significant.
‡ The net change in lipid levels was calculated by subtracting the mean change from baseline after control intervention from the mean change from baseline after plant sterol or stanol intervention, except for the study of Ketomaki
et al. (36) where the net change is the mean change from baseline after plant sterol and stanol intervention.
§ The study of Simons(40) is a 2 £ 2 factorial design study with four parallel arms. In this table the net change is calculated by subtracting the mean change from baseline after statin intervention from the mean change from baseline
after combined intervention of plant sterols and statins.
k No significant difference between sterol and stanol esters.
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HC (n 76)‡
4
DB, PC, R
Simons
(2002)(40)

FH (n 4)
FH on simvastatin therapy
$ 90 d (n 12)
1
OL
Vuorio et al.
(2000)(44)

DB, double-blind; R, randomised; CHD, patients with coronary artery disease; OL, open-label; FH, familial hypercholesterolaemia; PC, placebo-controlled; HC, hypercholesterolaemic; P, placebo.
** P, 0·01, *** P,0·001.
† The net change in lipid levels was calculated by subtracting the mean change from baseline after plant sterol or stanol intervention in the non-statin users from the mean change from baseline after plant sterol or stanol intervention in
the statin users.
‡ The study of Simons(40) is a 2 £ 2 factorial design study with four parallel arms. In this table the net change is calculated by subtracting the mean change from baseline after plant sterol intervention in patients on placebo drug from
the mean change from baseline after plant sterol intervention in patients on cerivastatin.
§ In both groups significant reduction.
k Simvastatin-treated patients 7 weeks, not treated patients 12 weeks.
{ Simvastatin-treated patients 6 weeks, not treated patients 12 weeks.

NS
þ4·1 %
þ 1·8 %
4 weeks

NS

NS
NS
28·5 %
(þ 0·08 mmol/l)***§
23·1 %
(þ0·18 mmol/l)**§
6 weeks,
12 weeks{

NS

TAG
HDL

NS
þ2·4 %
(þ 0·23 mmol/l)§

LDL
Total cholesterol

þ 1·7 %
(þ0·24 mmol/l)§
7 weeks,
12 weeksk
CHD females
(n 11)
2
DB, R

CHD females on simvastatin
therapy $ 1 year (n 10)

3 g sitostanol ester per d in
rapeseed oil-based
spread (n 21)
2·2 g stanol ester per d in
rapeseed oil-based
spread (n 16)
Cerivastatin þ 2 g plant
sterol ester per in spread
(n 37)/2 g plant sterol ester
per d in spread þ P:
placebo drug (n 39)

Study
duration
Plant sterol or stanol/
control intervention
No statin
therapy
Statin therapy
Jadad
score
Type of
study
Author

Gylling et al.
(1997)(43)

Net change in lipid levels†
Subjects

Table 3. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and plant sterols or stanols: difference in effects of plant
sterols or stanols between statin users and non-statin users
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effect to the drug, although significance levels were not
reached because of the small number of combination users
in the studies. Moreover, Simons(40) performed a 2 £ 2 factorial study with four parallel treatment arms, aiming to distinguish between an additive effect and an interactive effect
between plant sterol ester margarine and cerivastatin. Statistical analysis showed no evidence of an interactive effect and
therefore the authors concluded that, although a small interaction between the two compounds could not be excluded, it
is unlikely that this interaction is of any clinical importance.
In Table 4, the pooled results are given of studies not differentiating between statin users and non-statin users. Moreover,
statin use was not quantified and cholesterol-lowering effects
of plant sterols and stanols in normal, HC or FH patients
were put together. All studies described significant reductions
in total and LDL-cholesterol levels and suggested that the
plant sterols and stanols were effective in both statin users
as well as non-statin users(47 – 49).
In summary it can be concluded that plant sterol and plant
stanol esters are an effective approach to lower cholesterol
levels in addition to statin treatment in both HC and FH
patients on statin treatment. Cholesterol lowering is at least
equally effective in statin users compared with non-users.
The addition of 2–5 g plant sterol or stanol esters per d to statins will result in an additive LDL- and total cholesterol
reduction of roughly 10 (or 0·40 mmol/l) and 6 % (or
0·35 mmol/l) respectively, without significant changes in
HDL-cholesterol or TAG levels. Effects in FH patients
might even be slightly greater, although well-designed
randomised double-blind trials are needed to confirm this
hypothesis.
Differences in cholesterol-lowering effects of plant sterols
or stanols between the different studies might be explained
by baseline cholesterol levels, because it has been hypothesised that patients with high baseline cholesterol levels
experience a larger reduction in cholesterol levels after
sterol or stanol ester consumption(36). Moreover, it is
suggested that patients with high ratios of serum cholestanol
and plant sterols to cholesterol (markers for cholesterol
absorption) may benefit the most from plant stanol or sterol
intake(50). A synergistic effect between statins and plant
sterols and/or stanols should not be expected(51).
Safety aspects of combination therapy with plant sterols
and/or stanols and statins
In none of the studies were adverse effects related to the use of
plant sterol- or stanol-enriched products in combination with
statin therapy found. However, in studies towards the effects
of plant sterols alone, it has been found that serum plant sterol
concentration is elevated after consumption of plant sterols
(unlike plant stanols) with potential atherogenic effects(52).
Normally, only 5–15 % of the plant sterols are absorbed in the
intestinal tract(51,53). Patients with the rare autosomal recessive
disease phytosterolaemia, however, are hyperabsorbers of
plant sterols and should therefore not consume products containing high amounts of plant sterols, whether added to statin therapy
or not. In healthy subjects, it is assumed that the beneficial
effects on cholesterol levels of plant sterols outweigh any
potential atherosclerotic risk, although additional research on
this topic is urgently warranted(54,55).
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8 weeks
Unaffected
(n 65)
4
DB, PC, R

FH (n 1)

FH on statin
therapy (n 19)
FH on statin
therapy (n 69)
1
OL

Amundsen
et al. (2004)(47)
O’Neill et al.
(2004)(49)

DB, double-blind; PC, placebo-controlled; R, randomised; FH, familial hypercholesterolaemia; HC, hypercholesterolaemic; P, placebo; OL, open-label.
* P, 0·05, ** P, 0·01, *** P,0·001.
† The net change in lipid levels was calculated by subtracting the mean change from baseline after control intervention from the mean change from baseline after plant sterol or stanol intervention in a combined group of statin users
and non-statin users, except for the studies of Amundsen et al. (47) and O’Neill et al. (49) where the net change is the mean change from baseline after plant sterol or stanol intervention.
‡ No significant difference between sterol or stanol ester or between high- and low-dose stanol.

NS

NS

2 10·6 %
(20·13 mmol/l)***
NS
26 weeks

2 7·8 %
(2 0·57 mmol/l)**
FH on statin
therapy (n 30)
5
Neil et al.
(2001)(48)

DB, PC, R

HC (n 32)

2·5 g plant sterol per d in
spread (n 31)/P: mixed
oil-based spread (n 31)
1·5 g plant sterol ester per
in spread (n 20)
2·6 g plant stanol ester per d
in spread and bar (n 46)/1·6 g
plant sterol ester per d in
spread þ P: regular bar
(n 46)/1·6 g plant stanol ester
per d in spread þ P: regular
bar (n 42)

8 weeks

2 9·1 %
(2 0·53 mmol/l)**
2 8·5 %
(2 0·5 mmol/l)**‡

211·0 %
(20·45 mmol/l)*
28·1 %
(20·31 mmol/l)*‡

NS
NS
210·0 %
(20·51 mmol/l)***

TAG
HDL
LDL
Author

Statin therapy
Jadad
score
Type of
study

No statin
therapy

Plant sterol or stanol/
control intervention

Study
duration

Total cholesterol

Net change in lipid levels†
Subjects

Table 4. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and plant sterols or stanols: effects of plant sterols or
stanols in combined groups of statin users and non-statin users
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Furthermore, both plant sterols and stanols are associated
with reductions in plasma concentrations of a-carotene, b-carotene, lycopene and a-tocopherol. Reductions in all vitamins,
except for b-carotene, can be explained by reductions in LDLcholesterol, the main lipoprotein carrier. Negative health
effects related to these reductions are not expected(51),
although it might be a concern for groups with high nutritional
needs such as elderly and pregnant women. These groups can
be advised to add an extra amount of fruits and vegetables to
the diet.
In addition, post-marketing surveillance of plant sterols and
stanols upon request of the European Commission did not
indicate adverse effects(56), thereby supporting the safety of
these products(33).
Soluble dietary fibre
Mechanism of supporting statin therapy
Dietary fibres are associated with a reduced risk of CHD.
Soluble fibre appears to be primarily responsible for the
cholesterol-lowering effect of dietary fibre intake(57). Studies
in HC patients without treatment with cardiovascular drugs
showed that addition of soluble fibres (psyllium(58,59),
b-glucan(60 – 63), guar gum(64,65), pectin(66)) to a low-fat, lowcholesterol diet was an effective approach to reduce total
and LDL-cholesterol. The mechanisms involved are not completely understood, but it is suggested that soluble fibres
reduce plasma cholesterol by interruption with cholesterol
and/or bile acid (re)absorption(67). Some authors suggest that
soluble fibres bind bile acids; others assume that water-soluble
fibres form a thick unstirred water layer in the intestinal
lumen. Both proposed mechanisms will lead to an increased
faecal output of bile acids, resulting in a reduction in
bile acids available for transport back to the liver. Compensatory up-regulation of hepatic enzymes such as cholesterol
7-a-hydroxylase, the rate-limiting enzyme in bile acid biosynthesis, results in a reduction in the cholesterol content of
liver cells. This leads to an up-regulation of the LDL receptors
and the enzyme HMG-CoA reductase to re-establish hepatic
cholesterol stores, ultimately resulting in an increased clearance of circulating LDL-cholesterol(59,66,68) (Fig. 1). Other
suggested mechanisms include the inhibition of cholesterol
synthesis by SCFA (mainly propionate), which are the major
fermentation products of soluble fibre, the increased intestinal
viscosity causing lowered glucose absorption and thereby
improving insulin sensitivity, and the increased satiety leading
to lower overall energy intake(66,68). These postulated mechanisms differ from the cholesterol-lowering mechanism of statins, and therefore both compounds may decrease cholesterol
levels simultaneously.
Estimated effects of soluble dietary fibre on lipid levels and
health claims
In a meta-analysis, it was estimated that 2–10 g soluble
fibre per d significantly lowers total and LDL-cholesterol
concentrations by 0·045 and 0·057 mmol/l, respectively(66).
Various soluble fibres, including oat products, psyllium,
pectin and guar gum, reduce total and LDL-cholesterol by
similar amounts; the effects depend on the food matrix used,
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2 7·7 %
(2 0·1 mmol/l)
NS
2 18 %
(2 0·9 mmol/l)***
1
OL

OL, open-label; HC, hypercholesterolaemic; NM, not measured or calculated.
*** P,0·001.
† The net change in lipid levels is the mean change from baseline after soluble dietary fibre intervention.
‡ Jadad score was not estimated because description of the study design has not been published (study was interrupted after three patients).

2 14 %
(2 1·0 mmol/l)***
18 weeks

þ42 %
NM
4 weeks
Pectin 15 g/d (n 3)
–‡

Richter et al.
(1991)(74)
Uusitupa et al.
(1991)(75)

OL

HC females (n 3) on
lovastatin therapy
HC (n 31) on lovastatin
therapy (80 mg/d) for
18 weeks

Guar gum tablets
5 – 20 g/d (n 31)

NM

NM

TAG
HDL

Net change in lipid levels†

LDL
Total
cholesterol
Study
duration
Soluble dietary fibre
Subjects
Jadad
score
Type of
study

Results of studies exploring the combination therapy with
soluble dietary fibre and statins are shown in Tables 5 and 6.
All studies scored less than 4 points on the Jadad scale.
Table 5 shows the effects on lipid levels of soluble fibre in
statin users. One of the first studies performed towards this
combination found that in three female HC patients, the
addition of pectin daily to treatment with lovastatin resulted
in an average rise in LDL-cholesterol of 42 %. After the
intake of pectin was stopped, levels returned to normal. Also
after the addition of oat bran to lovastatin the LDL-cholesterol
levels rose strikingly in two patients in the same study. The
authors concluded that both fibres might reduce the bioavailability of the statin(74). Further studies towards this specific
combination have not been performed, but Uusitupa et al.
studied the effects of guar gum in a population of both FH
and non-FH patients on lovastatin treatment and reported
that adding guar gum resulted in significant reductions in
serum total and LDL-cholesterol. However, the results might
be flawed because no placebo group was included and no
correction for food intake was made(75,76).
Table 6 presents the results of three studies comparing the
effects on lipid values of the combination therapy of a statin
and soluble dietary fibre v. statin treatment alone. Whereas
total and LDL-cholesterol-lowering effects of the soluble
fibres reached statistical significance in the studies performed
by Moreya et al. (77) and Jayaram et al. (78), only trends
towards an additive effect were observed by Agrawal
et al. (79). It should be noted that this last trial was conducted
in healthy adult men, and therefore results may differ from
effects observed in the other studies performed in HC patients.
Of note is that in two out of the three studies a blunting of the
statin-associated increase in HDL-cholesterol was observed
after addition of the soluble dietary fibre(77,79).
In conclusion we can say that studies towards the possible
beneficial effects of soluble dietary fibre on statin therapy
are scarce. Most clinical studies have reported negative
associations between the use of soluble fibre supplements in

Author

Effects of combination therapy with soluble dietary fibre and
statins

Table 5. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and soluble dietary fibre: effects of soluble dietary fibre in
statin users

British Journal of Nutrition

the method of food processing and the concentration, watersolubility and molecular weight of the fibres.
In 1997 the FDA adopted health claims on the labels of
foods containing b-glucan soluble fibre of whole oats noting
that these foods, as part of a diet low in saturated fat and
cholesterol, may reduce the risk of heart disease by reducing
total and LDL-cholesterol. Since then, this claim was extended
by adding psyllium seed husk, whole-grain barley products
and barley b-fibre as additional eligible sources of soluble
fibre. The FDA states that the food products must provide at
least 0·75 g of b-glucan soluble fibre or 1·7 g of psyllium soluble fibre per serving(69,70).
In Europe, member states such as Sweden, The Netherlands
and UK have also approved claims linking oat soluble fibre
consumption and reduced total and LDL-cholesterol(71 – 73).
This has led to the introduction of several food products
enriched with soluble fibre, including bread, cereals and
cookies. However, in the context of Regulation 1924/2006,
the claims currently used in the different member states
need to be reviewed by the EFSA(28).
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Unaffected
males (n 24)
OL, R
Agrawal et al.
(2007)(79)

3

HC (n 97)
2
OL, R
Jayaram et al.
(2007)(78)

DB, double-blind; PC, placebo-controlled; R, randomised; HC, hypercholesterolaemic; P, placebo; OL, open-label.
* P, 0·05, ** P,0·01.
† The net change in lipid levels was calculated by subtracting the mean change from baseline after control intervention from the mean change from baseline after soluble dietary fibre intervention.

þ6·7 %
(þ 0·08 mmol/l)
2 7·1 %
(2 0·07 mmol/l)
2 6·7 %
(2 0·3 mmol/l)
4 weeks

2 8·6 %
(2 0·2 mmol/l)

þ0·99 %
(þ 0·06 mmol/l)
2 6·4 %
(2 0·06 mmol/l)
2 4·4 %
(2 0·28 mmol/l)
12 weeks

2 8·6 %
(2 0·35 mmol/l)*

þ8·7 %
(þ 0·07 mmol/l)
2 9·1 %
(2 0·13 mmol/l)**
2 3·9 %
(2 0·24 mmol/l)*
DB, PC, R
Moreyra et al.
(2005)(77)

3

HC (n 46)

Simvastatin (10 mg/d) þ psyllium-powder
drink (15 g/d) (n 23)/simvastatin
(10 mg/d) þ P (n 23)
Atorvastatin (10 mg/d) þ psyllium-powder
drink (11·2 g/d) (n 49)/atorvastatin
(10 mg/d) (n 48)
Lovastatin (20 mg/d) þ psyllium-powder
drink (10 g/d) (n 12)/lovastatin
(20 mg/d) (n 12)

8 weeks

2 5·1 %
(2 0·21 mmol/l)*

TAG
HDL
LDL
Total cholesterol
Study
duration
Soluble dietary fibre/control intervention
Subjects
Jadad
score
Type of
study
Author

Net change in lipid levels†

Table 6. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and soluble dietary fibre: difference in effects of a statin
plus soluble dietary fibre v. a statin alone

British Journal of Nutrition

S. Eussen et al.

combination with statins and LDL- or total cholesterol
concentrations. However, also unfavourable reductions in
statin bioavailability and reductions in HDL-cholesterol have
been described after high intake of soluble fibre. At this
moment, there is not sufficient evidence to recommend the
use of FF or DS enriched with soluble fibres in patients
using statins. Clinical studies are warranted to further
elucidate the potentials of the combination therapy with
soluble dietary fibre and statins. Research should focus on
the effects of different sources of soluble fibre in combination
with various statins on lipoprotein subclasses and drug bioavailability. Caution should be taken to interpret the direct
effects of fibre supplements instead of possible accompanying
effects of reduced dietary fat and cholesterol intake. Also
studies investigating the mechanisms of combined action
and a possible dose –response relationship between
combination therapy and cholesterol levels are needed.
Safety aspects of combination therapy with soluble dietary
fibre and statins
Soluble fibre supplementation is generally considered as well
tolerated. Side effects observed are mostly related to the
gastrointestinal tract, such as abdominal distention, flatulence
and diarrhoea. Also some negative nutritional impacts of
high soluble fibre intake have been reported, as soluble
fibres may interact with vitamins and minerals, resulting in
a lower bioavailability of these compounds. However, there
are insufficient data to firmly draw conclusions about this
matter. Most likely, the effect of the fibre depends on
the type of mineral or vitamin, the intestinal transit time and
the degree of bacterial fibre degradation in the gut(64,80,81).
The combination therapy with soluble fibre and statins may
also have some safety limits, while unfavourable reductions in
HDL-cholesterol have been described and in one study
reduced statin absorption from the gut was suggested after a
high intake of soluble fibre(74). Studies towards the effects
of soluble fibres on the bioavailability of statins and other
drugs are scarce and results depend greatly upon the type of
drug and fibre. Also the time of drug administration in relation
to food intake may influence the bioavailability of the drug.
Soluble fibres may influence the bioavailability of statins
and other drugs by direct binding or by altering luminal pH,
gastric emptying, intestinal transit, mucosal absorption and
metabolism of the drug(58,82).
n-3 PUFA
Mechanism of supporting statin therapy
In recent years a lot of research has been performed towards
the association between intake of n-3 PUFA and reduction
in CHD. n-3 PUFA operate via several mechanisms. One of
the most important is the favourable effect of n-3 PUFA on
VLDL-cholesterol and TAG levels; in a meta-analysis of
seventeen population-based prospective studies it was estimated that after adjustment for other risk factors, a 1 mmol/l
increase in serum TAG is associated with a 14 % increase in
CVD risk in men and 37 % in women(83). Statins efficiently
reduce total and LDL-cholesterol, but have only limited
TAG-lowering effects; thus a combined intake of n-3 PUFA
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and a statin might be beneficial in improving the lipid profile
in patients with high TAG levels. The favourable decrease in
TAG levels caused by n-3 PUFA is probably due to reduced
hepatic VLDL and TAG synthesis and secretion, and
enhanced TAG clearance from chylomicrons and VLDL particles. Reduced synthesis might be due to increased rates of
mitochondrial and/or peroxisomal b-oxidation or a decreased
expression of sterol regulatory element-binding protein-1c, a
transcription factor involved in the regulation of fatty acidsynthesising enzymes. Both mechanisms will result in a
reduction in the availability of the substrate, i.e. fatty acids.
Increased clearance is possibly caused by increased lipoprotein lipase activity due to increased PPAR-g and/or PPAR-a
gene expression. Activation of PPAR leads to increased fatty
acid b-oxidation in the liver and skeletal muscle(84 – 86).
Other mechanisms by which n-3 PUFA may lower the risk
of CHD include reductions in platelet aggregation, blood viscosity and ischaemia and their anti-thrombotic, fibrinolytic
and anti-inflammatory activities. Moreover, n-3 PUFA
appear to play an important role in the prevention of arrhythmias(87,88).
Estimated effects of n-3 PUFA on lipid levels and health
claims
In a recent meta-analysis of twenty-one randomised controlled
trials it was estimated that n-3 PUFA consumption resulted
in significant changes in TAG of 20·31 mmol/l, in
HDL-cholesterol of þ 0·04 mmol/l and in LDL-cholesterol
of þ 0·16 mmol/l. There was no effect on total cholesterol(89).
It has been suggested that the unfavourable increase in LDLcholesterol is attributable to the increased conversion of
VLDL to IDL and LDL, and the conversion of IDL to LDL
after n-3 PUFA supplementation(90,91).
In September 2004 the FDA announced a qualified health
claim for the use of food products containing both EPA and
DHA n-3 PUFA for FF and DS(92). According to the FDA
there is supportive, but not conclusive, scientific evidence
that suggests a reduction in CHD as a result of eating food
or supplements rich in n-3 PUFA. The FDA judges that n-3
PUFA generally reduce TAG and VLDL-cholesterol, and
have no effect on total or HDL-cholesterol in both general
and diseased populations. The EFSA has not yet evaluated
health claims on n-3 PUFA and cardiovascular function.
Effects of combination therapy with n-3 PUFA and statins
Results of clinical studies that have investigated the combination therapy with n-3 PUFA and statins are summarised in
Tables 7 and 8. Contacos et al. were the first to demonstrate
a beneficial effect of the combination of n-3 PUFA and
statin therapy in HC patients(93). They found that in patients
randomised to either pravastatin, n-3 PUFA or placebo for
6 weeks, an additional 12 weeks of combination therapy
with n-3 PUFA and pravastatin further decreased plasma
TAG and LDL-cholesterol by 33 % (P, 0·05) and 26 %
(P,0·01), respectively, in patients in the placebo group,
whereas in patients already on pravastatin only TAG levels
were non-significantly decreased by 33 % and in patients in
the n-3 PUFA group only LDL-cholesterol levels were
decreased by 24 % (P,0·05). Total cholesterol levels
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showed similar changes to LDL-cholesterol after combination
therapy. This study indeed showed that statins particularly
lowered total and LDL-cholesterol, whereas n-3 PUFA
lowered TAG and not cholesterol levels. Combination therapy
reduced both cholesterol and TAG concentrations. These
beneficial effects of n-3 PUFA on TAG levels have been
confirmed in later studies(94 – 104).
Table 7 shows the results of studies examining the effects
of supplementing patients on statin therapy with n-3
PUFA(93,97,98,100 – 103,105). All studies used EPA and/or DHA,
in doses varying from 0·9 to 1·8 g/d and 0·78 to 2·16 g/d for
EPA and DHA, respectively. All studies found significant
reductions in TAG, ranging from 16 (or 0·44 mmol/l) to
48 % (or 1·2 mmol/l), after supplementing n-3 PUFA, except
one study performed by Nordøy et al. in which no TAG-lowering effect was attributable to the n-3 PUFA(105). In this study
relatively low doses of n-3 PUFA (0·9 g/d EPA, 0·78 g/d
DHA) were used, which could explain these results. However,
one small, uncontrolled study (Jadad score ¼ 0) in which
twelve patients were supplemented with 0·9 g EPA per d and
two patients with 1·8 g EPA per d showed highly significant
reductions in TAG. In addition, in this study it was found
that total cholesterol levels were significantly reduced and
HDL-cholesterol was significantly increased after EPA supplementation(102). Most studies performed in patients on
statin therapy did not find any significant changes in total,
LDL- or HDL-cholesterol, although in some studies VLDLcholesterol was decreased(93,98,101). In the COMBOS (COMBination of prescription Omega-3 with Simvastatin)
study(97), administration of n-3-acid ethyl esters plus simvastatin improved, besides TAG levels, also total, HDL- and
VLDL-cholesterol to a greater extent than simvastatin alone.
On the unfavourable side, a trend was observed towards a
greater reduction in LDL-cholesterol in the simvastatin-only
group (0·7 v. 22·8 %; P¼0·052).
Table 8 shows the results of studies comparing the effects
on lipid values of a combination therapy of a statin and n-3
PUFA v. statin treatment alone. Davidson et al. (96) found
that after treating HC patients with n-3 PUFA and/or simvastatin for 12 weeks, the TAG responses were similar in the
EPA/DHA-group (2 25·3 %) and the combined group
(2 28·8 %), and borderline significantly lower in the simvastatin group (2 18·5 %), whereas decreases in non-HDL-cholesterol and increases in HDL-cholesterol were statistically
significant only for the combined (non-HDL: 2 24·8 %,
HDL: þ10·4 %) and simvastatin group (non-HDL: 2 25·8 %,
HDL: þ7·2 %). All other studies found significant improvements of TAG with a combination therapy compared with
the statin therapy alone(94,95,97,99,104). Study populations
included, besides HC patients, renal transplant patients with
persistent hypercholesterolaemia(99) and insulin-resistant
obese men with dyslipidaemia(95). In this last study, also atorvastatin alone significantly decreased TAG levels. The authors
suggest that the two compounds reduce TAG levels through
different mechanisms. Whereas n-3 PUFA reduced the hepatic
secretion of VLDL-apoB, atorvastatin enhanced the clearance
of all apo B-containing lipoproteins, resulting in an additive
effect(94,95). Aligeti et al. performed a retrospective cohort
study in which they compared the change in plasma TAG
levels between patients taking fish oil as monotherapy and
patients who added fish oil to their usual lipid-lowering
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Table 7. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and n-3 PUFA: effects of n-3 PUFA in statin users
Net change in lipid levels‡

Author

Type of
study

Jadad
score

Subjects

OL

1

DB, PC, R

4

Nakamura et al.
(1999)(102)
Durrington et al.
(2001)(98)

OL

0

DB, PC, R

4

Nordøy et al.
(2001)(105)

DB, PC, R

4

HC on atorvastatin for
$ 10 weeks (n 42)

Hong et al.
(2004)(100)

DB, PC, R

4

HC on simvastatin therapy
for 6 – 12 weeks (n 40)

Meyer et al.
(2007)(101)
Davidson et al.
(2007)(97)

DB, PC, R

2

DB, PC, R

5

HC on stable statin therapy
$ 3 months (n 27)
HC on stable statin therapy
$ 2 months (n 254)

HC on pravastatin therapy
for 6 weeks (n 9)
HC on simvastatin for 5 or
10 weeks (n 42)
HC on various statins for
30 ^ 6 months (n 14)
CHD on stable statin therapy
$ 3 months (n 59)

Study
duration

Total cholesterol

LDL

HDL

TAG

2 5·0 %
(20·3 mmol/l)
2 9·8 %
(20·55 mmol/l)†

þ9·7 %
(þ0·3 mmol/l)
NM

þ6·9 %
(þ0·07 mmol/l)
þ11·3 %
(þ0·13 mmol/l)

233·0 %
(21·6 mmol/l)
243·3 %
(21·2 mmol/l)**

2 11 %
(20·61 mmol/l)*
2 13·9 %
(20·8 mmol/l)

NM
210·5 %
(20·4 mmol/l)

þ8·9 %
(þ0·11 mmol/l)*
227·3 %
(20·3 mmol/l)

248 %
(20·99 mmol/l)**
226·5 %
(21·2 mmol/l)**

5 weeks

þ4·7 %
(þ0·3 mmol/l)

þ4·4 %
(þ0·15 mmol/l)

þ5·7 %
(þ0·06 mmol/l)*

þ6·0 %
(þ0·22 mmol/l)

8 weeks

2 3·7 %
(20·19 mmol/l)

25·0 %
(20·12 mmol/l)

þ5·0 %
(þ0·05 mmol/l)

216 %
(20·59 mmol/l)**

3 weeks

2 8·3 %
(20·38 mmol/l)
2 3·2 %
(20·17 mmol/l)**

210·0 %
(20·25 mmol/l)
þ5·3 %
(þ0·09 mmol/l)†

29·9 %
(20·10 mmol/l)
þ5·2 %
(þ0·06 mmol/l)***

217·2 %
(20·44 mmol/l)*
224·7 %
(20·78 mmol/l)***

3 g PUFA oil§ per d (n 9)

12 weeks

4 g PUFA per d in capsulesk
(n 22)/P: maize oil
capsules (n 20)
0·9 2 1·8 g EPA per d in
capsules (n 14)
4 g PUFA per d in capsulesk
(n 30)/P: maize oil
capsules (n 29)
2 g PUFA per d in capsulesk
(n 22)/P: maize oil
capsules (n 20)
3 g PUFA per d in capsules
(n 20)/P: rapeseed oil
capsules (n 20)
2·16 g DHA oil per d (n 13)/P:
olive oil (n 14)
Simvastatin þ 4 g PUFA
per d in capsulesk
(n 122)/simvastatin
(40 mg/d) þ P: vegetable
oil capsules (n 132){

5 weeks

3 months
24 weeks

8 weeks

S. Eussen et al.

Contacos et al.
(1993)(93)
Nordøy et al.
(1998)(103)

n-3 PUFA/control intervention

OL, open-label; HC, hypercholesterolaemic; DB, double-blind; PC, placebo-controlled; R, randomised; P, placebo; NM, not measured or calculated; CHD, patients with coronary artery disease.
* P,0·05, ** P,0·01, *** P, 0·001.
† Borderline significant.
‡ The net change in lipid levels was calculated by subtracting the mean change from baseline after control intervention from the mean change from baseline after n-3 PUFA intervention, except for the studies of Contacos et al. (93) and
Nakamura et al. (102) where the net change is the mean change from baseline after n-3 intervention.
§ EPA 67 %, DHA 33 %.
k EPA 45–48 %, DHA 36–39 %.
{ At inclusion simvastatin replaced any previous statin.
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25·0 %***
3
OL, R
Yokoyama et al.
(2007)(104)

HC (n 18 645)

2
DB, PC, R
Chan et al.
(2002)(94)

IR obese males
(n 24)

Renal transplant
HC (n 24)
1
OL
Grekas et al.
(2001)(99)

DB, double-blind; PC, placebo-controlled; R, randomised; HC, hypercholesterolaemic; P, placebo; OL, open-label; IR, insulin-resistant.
* P, 0·05, ** P,0·01, *** P,0·001.
† Borderline significant.
‡ The net change in lipid levels was calculated by subtracting the mean change from baseline after control intervention from the mean change from baseline after n-3 PUFA intervention.
§ EPA 60 %, DHA 40 %.
k EPA 45 –48 %, DHA 36 –39 %.
{ Values are non-HDL-cholesterol.
†† All patients received the same therapeutic protocol consisting of 4 weeks of diet, 8 weeks of diet þ statin, 4 weeks of diet, 8 weeks of diet þ statin þ PUFA.

NS

NS
NS
5 years

213·7 %
(20·3 mmol/l)***
þ9·6 %
(þ 0·11 mmol/l)*
þ4·9 %
(þ 0·08 mmol/l)
2 0·2 %
(20·2 mmol/l)
6 weeks

214·6 %
(20·26 mmol/l)**
þ4·3 %
(þ 0·05 mmol/l)
20·09 %
(þ 0·05 mmol/l)
þ 8·3 %
(þ0·67 mmol/l)
8 weeks

TAG

210·3 %
(20·14 mmol/l)†
þ3·2 %
(þ 0·05 mmol/l)

HDL
LDL

þ1·0 %
(2 0·10 mmol/l){
2 0·36 %
(20·11 mmol/l)
12 weeks
HC (n 19)
2
Davidson et al.
(1997)(96)

DB, PC, R

Simvastatin (10 mg/d) þ 5 g PUFA
per d in capsules§ (n 9)/simvastatin
þ P (n 10)
Pravastatin (20 mg/d) (n 24) and
pravastatin (20 mg/d) þ 1 g PUFA
oil per d (n 24)††
Atorvastatin þ 4 g PUFA per d in
capsulesk (n 11)/atorvastatin þ P:
maize oil capsules (n 13)
Prava- or simvastatin þ 1·8 g EPA
per d in capsules (n 9326)/pravaor simvastatin (n 9319)

Total
cholesterol
Study
duration
n-3 PUFA/control intervention
Subjects
Jadad
score
Type of
study
Author

Net change in lipid levels‡

Table 8. Clinical studies towards the effects on lipid levels (total, LDL- and HDL-cholesterol and TAG) of the combination therapy with statins and n-3 PUFA: difference in effects of a statin plus n-3
PUFA v. a statin alone
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drugs, including statins(106). They found that adding fish oil to
a statin alone or to multiple lipid-lowering drugs (combination
of niacin, statin and/or fibrates) did not alter the TAG-lowering effects of fish oil and effects are therefore additive.
One study compared the effects of the combination therapy
and statins as monotherapy on clinical endpoints and found in
the combined group a statistically significant 19 % relative
reduction in major coronary events, particularly unstable
angina and non-fatal coronary events. This applied in both
patients taking statins for primary prevention as for secondary
prevention(104). Few studies have examined the effects of combined treatment of n-3 PUFA and statins in patients with FH.
Sandset et al. found no additional effects of adding n-3 PUFA
(4 g/d for 6 weeks) to simvastatin (40 mg/d) in a small uncontrolled study (n 13); TAG even tended to increase on
additional n-3 PUFA(107). Also in another small study (n 14)
in FH patients on chronic simvastatin treatment, TAG were
not significantly decreased after n-3 PUFA supplementation
(5·1 g/d)(108). Small sample sizes or the population under
study may explain these results.
In conclusion we can say that all clinical studies conducted
in HC patients suggest that after combined intake of n-3 PUFA
and statins no diminution of the separate effects of the compounds is expected, but that they improve lipid levels simultaneously through different mechanisms. Whereas statins
alone have little effect on TAG levels, adding n-3 PUFA to
the statin regimen lowered TAG significantly in most of the
studies. Higher doses of n-3 PUFA and higher baseline TAG
levels appear to be associated with greater reductions. In
some, but not all studies, HDL-cholesterol was significantly
increased and VLDL-cholesterol was significantly decreased
after supplementation with n-3 PUFA. None of the studies
found a significant favourable effect of n-3 PUFA on LDLcholesterol and in some studies LDL-cholesterol even tended
to increase after n-3 PUFA supplementation, contributing to
the hypothesis that n-3 PUFA increase the conversion of
VLDL to LDL. Effects of combined treatment with n-3
PUFA and statins in FH patients are less clear and studies
examining these effects in larger populations are warranted.
Safety aspects of combination therapy with n-3 PUFA and
statins
In none of the studies were adverse effects seen after combination therapy of n-3 PUFA and statins other than the adverse
effects caused by monotherapy of the compound. n-3 PUFA
were usually well tolerated and serious events have not been
observed. Potential adverse effects related to n-3 PUFA
include an increased bleeding time because of interference
with platelet function, gastrointestinal disturbances and
increases in LDL-cholesterol(97,109 – 111).
Coenzyme Q10
Mechanism of supporting statin therapy
Statins act by inhibiting the activity of HMG-CoA reductase,
the rate-limiting enzyme in cholesterol biosynthesis that
catalyses the conversion of HMG-CoA to mevalonate. Besides
being an intermediate in cholesterol synthesis, mevalonate
is also a precursor of CoQ10; statins thus lower CoQ10
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Fig. 2. Proposed mechanism by which coenzyme Q10 supplements may support statin therapy. Statins inhibit the enzyme hydroxymethylglutaryl CoA
(HMG-CoA) reductase (1) in the mevalonate pathway. The same pathway is
shared by coenzyme Q10 and as a consequence coenzyme Q10 synthesis is
inhibited (2)(112,113). Coenzyme Q10 supplements may raise the levels of
coenzyme Q10 (3) in plasma and platelets.

levels(112,113) (Fig. 2). CoQ10 is known for its enzymic role
in the production of energy within human cells, so CoQ10
deficiency may impair muscle energy metabolism and contribute to the development of myalgia, a frequently reported
adverse effect of statin treatment(114). Supplementation
with CoQ10 can raise the circulating levels of CoQ10 and
might therefore be efficient in alleviating myopathic
symptoms.

of 4, was performed in thirty-two patients with myopathic
symptoms taking varying doses of statins, and supplemented
with CoQ10 (100 mg/d) or vitamin E (400 IU/d) for 30 d(114).
This study showed a significant 40 and 38 % reduction in
pain severity and pain interference with daily activities,
respectively, in the group treated with CoQ10. Vitamin E did
not affect pain severity or pain interference. In this study,
the benefit of CoQ10 supplementation on improving pain
was not stratified by statin type or dose.
In a third trial towards the effects of CoQ10 supplementation
on statin-induced myopathic symptoms, statin therapy was
discontinued upon initial visit in all patients and no control
group was included, so it is not clear what role CoQ10 had
in decreasing the incidence of myalgia(120).
In summary it can be concluded that although some trial
evidence exists about the effectiveness of CoQ10 supplementation on myopathic symptoms, it is too early to recommend
its routine use in clinical practice. The only randomised controlled clinical trials investigating this area showed contrasting
results and further well-performed clinical trials are needed to
investigate whether CoQ10 can be used to support statin
therapy. Although several studies have shown that plasma
CoQ10 levels are decreased after statin therapy, existing evidence also suggests that skeletal muscle CoQ10 levels are
not affected or even increased after statins(113,115,116).
Alternative explanations for the myotoxic adverse effects of
statins include instability of skeletal muscle cells due to
reduction in cholesterol content of the membranes and inhibited production of GTP-binding proteins involved in cell
growth and apoptosis. Apoptosis is a critical mechanism
in the remodelling and maintenance of tissue structure and
inappropriate apoptosis can produce pathological conditions(121,122). Some of the decrease in CoQ10 can probably
be explained by the reduction in LDL-cholesterol
levels after statin therapy, since CoQ10 is transported in the
LDL particle(121).

Coenzyme Q10 and health claims
Dietary supplements containing CoQ10 have not been evaluated for safety and effectiveness and there are no approved
health claims for the use of CoQ10, neither in the USA nor
in Europe.
Effects of combination therapy with coenzyme Q10 and statins
Although studies have repeatedly demonstrated reduced levels
of plasma CoQ10 with statin therapy(113,115 – 117) and restored
levels after oral CoQ10 supplementation(113,118), large randomised controlled trials towards the impact of CoQ10 supplementation on statin-induced myalgia in patients with
hyperlipidaemia are lacking. Only two double-blind controlled
clinical trials investigating this area have been performed. The
first study, assigned a Jadad score of 2, was a pilot study in
forty-four patients with self-reported myalgia. Patients were
randomised to supplementation with 200 mg CoQ10 per d or
placebo in combination with an upward dose of simvastatin
(starting dose of 10 or 20 mg/d up to 40 mg/d) for 12 weeks.
Results showed no difference between the groups in severity
of myalgia, in the number of patients tolerating the highest
dose of simvastatin, or in the number of patients remaining
on therapy(119). The second study, assigned a Jadad score

Safety aspects of combination therapy with coenzyme Q10 and
statins
CoQ10 is widely recognised as safe with no reported toxicity(123). It has been shown that CoQ10 supplementation
(100 mg/d) in HC patients treated with atorvastatin (10 mg/d)
did not have an effect on statin-induced reductions in total
or LDL-cholesterol, or TAG levels(124).
Discussion
The main objective of this review was to present options
for the support of drug therapy with FF or DS. We focused
on the support of statin therapy with plant sterols and stanols,
soluble fibre, n-3 PUFA or CoQ10, because many subjects are
treated suboptimally with statins and there are indications
supporting combined use with one of these FF or DS.
There is substantial evidence that adding plant sterols or stanols to statin therapy reduces total and LDL-cholesterol, and
that adding n-3 PUFA to statins reduces plasma TAG. Both
combination treatments are without any changes in HDLcholesterol. Neither supplementation of plant sterols or stanols
nor supplementation with n-3 PUFA had any known clinical
significant side effects, although n-3 PUFA supplementation
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tended to increase LDL-cholesterol and plant sterol and stanol
supplementation is associated with a reduction of b-carotene.
Also the potential atherogenicity of elevated serum plant sterol
concentrations needs to be further investigated.
Information about the combination therapy with either soluble dietary fibres or CoQ10 and statins is less clear. Soluble
dietary fibre and statins may have additive effects on reducing
total and LDL-cholesterol levels. However, also an antagonistic effect of soluble fibre supplementation on statin therapy
might be expected due to a reduced drug bioavailability. Furthermore, soluble fibre supplementation has been associated
with a blunting of the HDL-cholesterol-increasing effect of
statins. CoQ10 may counteract the adverse myalgic effect produced by statins, but further studies are needed to confirm this
hypothesis. Despite the safety and low costs of CoQ10, thus far
it should not be recommended as a routine supplement with
statin therapy in clinical practice. In the present review we discussed the (limited) available literature on the effectiveness of
CoQ10 supplementation in reducing myopathic symptoms.
Also other functional foods or dietary supplements might be
helpful in reducing statin-induced side effects. Se supplementation has been suggested to reduce both statin-induced liver
injury(125,126) and myotoxicity(126), and L -carnitine might
improve statin-associated myotoxicity(127). However, current
research is limited to cell-culture and animal experiments,
and human studies should be performed to assess the potential
protective effects of these compounds in man. In the present
review we have limited our literature search to human studies.
In conclusion it can be stated that using FF or DS might be
an effective and safe approach to support drug therapy,
especially when drugs alone are insufficient to achieve desirable effects on risk factors or when drug use is associated
with side effects. In our example, FF or DS fortified with
plant sterols or stanols or n-3 PUFA are a good option for supporting statin therapy. However, every combination of a drug
and a FF or DS has to be investigated separately to draw conclusions about the type of effect: additive, synergistic, antagonistic or no effect. In our example of statin therapy, it is
possible that various statins have different effects when combined to FF or DS, as statins vary in intestinal absorption and
bioavailability. Also studies towards the effects of genetic
polymorphisms are warranted as indicated by, for example,
the association between variants in SLCO1B1 (solute carrier
organic anion transporter family, member 1B1) and increased
risk of statin-induced myopathy(128), the association between
ABCA1 expression and cholesterol absorption after intake of
plant stanols(16), and the association between polymorphisms
in the fatty acid desaturase (FADS) genes and fatty acid concentrations in plasma and erythrocyte membranes(129 – 131,132).
More research is needed towards the effect that a FF or DS
has on side effects caused by drugs, and whether side effects
can be reduced by replacing some dose of the drugs with FF or
DS, without altering the effects on risk factors. Post-marketing
surveillance studies are required to assess the long-term safety
of the combination therapies and the safety in specific risk
groups; clinical trials do often not attain adequate power
for evaluating rare events and interactions. Moreover, the
effectiveness of the combination therapies under customary
conditions should be addressed as adherence to drugs is
known to be suboptimal(133,134) and recommended doses of
FF and DS might not be consumed(45,46,135).
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