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Abstract

Reducing elevated LDL-cholesterol is a key public health challenge. There is substantial evidence from randomised controlled trials (RCT)
that a number of foods and food components can significantly reduce LDL-cholesterol. Data from RCT have been reviewed to determine
whether effects are additive when two or more of these components are consumed together. Typically components, such as plant stanols
and sterols, soya protein, B-glucans and tree nuts, when consumed individually at their target rate, reduce LDL-cholesterol by 3—9 %.
Improved dietary fat quality, achieved by replacing SFA with unsaturated fat, reduces LDL-cholesterol and can increase HDL-cholesterol,
further improving blood lipid profile. It appears that the effect of combining these interventions is largely additive; however, compliance
with multiple changes may reduce over time. Food combinations used in ten ‘portfolio diet’ studies have been reviewed. In clinical efficacy
studies of about 1 month where all foods were provided, LDL-cholesterol is reduced by 22—-30 9%, whereas in community-based studies of
>6 months’ duration, where dietary advice is the basis of the intervention, reduction in LDL-cholesterol is about 15 %. Inclusion of MUFA
into ‘portfolio diets’ increases HDL-cholesterol, in addition to LDL-cholesterol effects. Compliance with some of these dietary changes can
be achieved more easily compared with others. By careful food component selection, appropriate to the individual, the effect of including
only two components in the diet with good compliance could be a sustainable 10 % reduction in LDL-cholesterol; this is sufficient to make

a substantial impact on cholesterol management and reduce the need for pharmaceutical intervention.
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Introduction

CHD is a leading cause of premature mortality and disabil-
ity-adjusted life years in Western society with 2 million
deaths in the European Union and 4-3 million deaths in
Europe”. Within the European Union, the economic cost
of CVD is substantial and has been calculated to be €192
billion annually in direct and indirect healthcare costs'".
While the causes of CHD are multifactorial, many of
these factors are related to lifestyle such as tobacco smok-
ing, lack of physical activity, and dietary habits and, as
such, are modifiable. Other modifiable risk factors include
elevated blood pressure, type 2 diabetes and dyslipidae-
mias'®. The importance of raised blood cholesterol as a
modifiable risk factor for CHD is well established®. The
WHO estimates that over 60% of CHD and 40 % of ischae-
mic stoke in developed countries is due to total blood
cholesterol levels in excess of the theoretical minimum
3-8mmol/1”’. For some time, public health campaigns
such as the National Cholesterol Education Program and
Joint British  Societies” guidelines have emphasised
reducing elevated LDL-cholesterol to lower CHD risk‘*™.
Furthermore, it has been suggested that every 1-0 mmol/l

(39mg/dD reduction in LDL-cholesterol is associated
with a 22% reduction in the risk of CVD mortality and
morbidity. Consequently, the
LDL-cholesterol is a significant public health goal.

A central recommendation in guidance given to many
Western populations is the need to reduce fat intake, par-
ticularly saturated fat and frans-fat’®. The conventional
approach to SFA reduction has been to exclude food
high in saturates or identify low-fat alternatives such as
low-fat dairy products, meat products, etc. While this
approach can be effective, recent advice suggests that,
ideally, SFA reduction should also be associated with
improvements in fat quality achieved by substituting SFA
78 with some suggesting that the pre-
ferred source of these fats is MUFA®. Furthermore, in a
recently produced unified theory based on evolutionary,
historical, global and modern perspectives relating dietary
fat quality and CHD prevention, it was identified that
reduction or elimination of trans-fatty acids and replace-
ment of SFA with MUFA may provide cardiovascular
benefits”. Moreover, replacement of medium-chain 7-6
PUFA (for example, linoleic acid), moderate consumption

reduction of elevated

with unsaturated fat

Abbreviations: ALA, a-linolenic acid; EFSA, European Food Safety Authority; RCT, randomised controlled trial.
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of medium-chain 7-3 PUFA (for example, a-linolenic acid;
ALA) and increased consumption of long-chain 7-3 PUFA
(for example, EPA and DHA) may provide beneficial cardio-
metabolic effects and are unlikely to do any harm®’.

Decreasing SFA intake conventionally was the first thera-
peutic option recommended to individuals to lower blood
cholesterol, however, of increasing importance is the use
of effective combinations of cholesterol-lowering dietary
components, such as B-glucans, soya protein and plant sta-
nols and sterols as an approach to managing blood choles-
terol (National Cholesterol Education Program Panel III
guidelines)®. A dual approach, based on modification of
both improved fat quality and use of cholesterol-lowering
food components, maximises the beneficial effect on
blood lipids, thereby reducing the risk of heart disease
and also other metabolic conditions'”.

A number of foods, many of them the so-called func-
tional foods or nutriceuticals, have been identified that
modify blood lipids. These foods have traditionally been
considered as a single addition to a lipid-modification
diet. A more sophisticated approach to combining foods
with enhanced cholesterol-lowering properties is that
adopted in the ‘portfolio diet™”. This terminology,
adopted by Jenkins over a decade ago, refers to a low-fat
vegan or vegetarian diet enhanced by the inclusion of
plant stanols or sterols, soya protein, viscous fibre and
tree nuts"'V. Latterly the ‘portfolio diet’ has been devel-
oped by the addition of MUFA"?.

It is suggested that as important as either looking at these
components in isolation, or as sophisticated combinations,
is the role that simple combinations of cholesterol-lower-
ing foods can play in meeting the dual objective of improv-
ing the fat quality of the diet and blood cholesterol
lowering. In order to establish baseline values for the key
food and food components that can modify blood choles-
terol and to understand the degree to which they are
additive, a search of the literature was conducted to identify
the most up-to-date information relating to their individual
and combined potential. Information relating to each food
or component was extracted and converted into a common
format for subsequent tabulation of the data.

Methods

A search of the scientific literature (Medline, December
2011) was used to identify papers, specifically randomised
controlled trials (RCT) and meta-analyses, conducted
where the effect of a food/food component intervention
on blood lipids was assessed. Search terms were ‘choles-
terol’ or ‘blood lipids’ and ‘the food name’ and ‘meta’.
The designated ‘food names’ included beta-glucan(s),
soy(a) protein, nuts, plant stanol and sterol. In addition,
the search terms ‘cholesterol’ or ‘blood lipids’ and ‘portfo-
lio’ were used to identify studies conducted using a portfo-
lio approach. These searches were complemented by a
hand search of key reviews and meta-analyses. The key
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findings from identified papers were extracted and the
information converted into a common form. For example,
all data were converted to mmol/l from mg/dl by use of the
factor 0:02586 for total cholesterol, LDL- and HDL-choles-
terol and by use of the factor 0-01 125 for TAG. In order to
assess the relative effects on fat quality following dietary
modification (in g) and LDL-cholesterol reduction (as a
percentage reduction compared with control treatment)
as detailed in Tables 2 and 5, baseline LDL-cholesterol
concentration has been assumed to be 3-75mmol/l, if no
specific value is given.

Results and discussion

The focus of the present review is on the reduction of total
and LDL-cholesterol, as this appears to be where dietary
manipulations are most effective. However, this approach
is not intended to undermine the valuable contribution
that can be made by the maintenance of or an increase
in HDL-cholesterol. It has been argued, particularly for
those at risk for CHD, that the total cholesterol:HDL-
cholesterol ratio is a better assessment of risk than single
lipid components”. Also important to coronary risk is
elevated TAG, particularly in diabetics and other sub-
sectors of the population, where a combination of
measures may be appropriate’’*~'>. Reference to the
effect of food and food components on all main lipid com-
ponents will be made where possible.

Macronutrient changes that reduce blood lipids

There are many ways to predict the effect of macronutrient
intake on blood lipid changes and CHD risk; see, for
example, Givens''® | who used five models based on pre-
diction equations from the original proposed by Keys™”.
Traditionally, SFA reduction has been the key tactic
employed to reduce blood cholesterol levels to lower the
risk of both CVD and diabetes. Generally, LDL-cholesterol
increases proportionally to the amount of SFA in the diet.
However, advice has been less conclusive with regards to
the best replacement for SFA in the diet, particularly as a
desirable increase in HDL-cholesterol was reported in a
meta-analysis of sixty studies that evaluated the effect of
replacing carbohydrate with SFA"®. However, the replace-
ment of large amounts of dietary SFA with carbohydrate
should be avoided, as fasting TAG concentrations may
increase and dyslipidaemia associated with the insulin
resistance syndrome may be induced, which would be
counterproductive, particularly in diabetics"” .

A role has been identified for the enhanced intake of
either cis-MUFA or PUFA as the most effective replace-
ments of dietary SFA to reduce CHD risk""®. However,
the authors also reported that the effect on LDL-cholesterol
may be markedly different to the effect on the total:HDL-
cholesterol ratio, which they indicated was a better
indicator of CVD risk, a view shared by the Joint British
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Societies in their recommendations for CVD assessment>.
It was calculated that the replacement of 1% carbohydrate
energy with c¢issMUFA or PUFA improved total:HDL-
cholesterol ratio by about 0-03 mmol/l (P<0-001), whereas
LDL-cholesterol was reduced by about 0-1mmol/l
(P<0:01) when replaced by MUFA and about 0-2mmol/l
(P<0-001) when replaced by PUFA. The same replacement
with SFA increased LDL-cholesterol by about 0-03 mmol/l
(P<0:00D).

Oils with the highest MUFA content most frequently
consumed in Western society are olive and rapeseed. The
predicted change in total cholesterol:HDL-cholesterol
ratio when ‘mixed fat’ that constituted 10% of energy of
the average US diet was replaced isoenergetically with
either olive or rapeseed oil has been calculated and the
improvement was about 0-1 and 0-12mmol/l, respect-
ively'®. By reference to a meta-analysis of nine studies,
where rapeseed oil was either added to, or substituted
for SFA in the diet, it was calculated that each 1g of SFA
intake reduction was associated with reductions in both
LDL- and total cholesterol of 0-03 mmol/l, while each 1g
increase in either MUFA or PUFA reduced total cholesterol
by 0:05 and 0:09 mmol/l, respectively, and LDL-cholesterol
by 004 and 0-08mmol/l, respectively®. It was also
calculated that each 10g increase in MUFA or rapeseed
oil intake was associated with a reduction in total and
LDL-cholesterol of 9-8 and 5-8%, respectively.

There are also a number of epidemiological studies that
demonstrate a reduction in CHD risk with moderate- to
high-fat diets rich in MUFA; see, for example, the
Seven Countries Study®", the Nurses' Health Study‘*®
and the large-scale intervention studies OmniHeart and
KANWUZ2,

A further consideration is that while PUFA, especially
long-chain 7-3 PUFA, reduce CHD risk, there is concern
that consumption of 7-6 PUFA, particularly linoleic acid,
is at an all-time high in Western society"”. Furthermore, it
has been suggested that the amount of 7-6 PUFA should
not increase further®, and the ratio of 7-6:n-3 PUFA
should reduce®®.

Foods or components that reduce blood lipids

The ‘portfolio diet’ is based on increasing intake of plant
stanols and sterols, soluble (viscous) fibre, soya protein
and tree nuts to enhance the cholesterol-reducing effect
of a plant-based diet. These dietary components are
those for which most evidence exists and for which
health claim(s) have been permitted in one or more
countries. In addition, there are a number of foods
where blood lipid modification evidence is accumulating
and that may have potential as cholesterol-lowering
agents; these include dark chocolate, green tea, flaxseed
and garlic. As evidence relating to these various foodstuffs
is limited, their role has not been assessed in detail. How-
ever, as further clinical research becomes available, they,
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too, can be incorporated into a cholesterol-lowering
regimen. Neither does this list of foods claim to be
exhaustive, but provides an insight into the evidence that
currently exists for the main cholesterol-lowering food
components. Finally, there are numerous foods for which
a single human study or only animal data are available;
while these foods may offer potential for the future, further
evidence is needed to properly assess the contribution
that can be made by these foods.

Plant stanols and sterols

There is an extensive literature that has evaluated the
effects of plant stanols and sterols on blood lipids.

Plant sterols and stanols are naturally occurring com-
pounds structurally similar to cholesterol with a cellular
function similar to human cholesterol. Plant sterols have
a higher degree of absorption than plant stanols. There
are in excess of 200 clinical studies that have evaluated
the effects of these components on blood lipids, primarily
in adults with normal or elevated plasma cholesterol at
baseline. In 2009, the European Food Safety Authority
(EFSA) assessed the scientific evidence available up to
this date and a health claim was granted in Europe.
The following statement was devised to be reflective of
the evidence: ‘Plant stanols/sterols have been shown to
lower/reduce blood cholesterol’. On the basis of evidence
supplied, it was estimated that 1-5-1-9 g plant sterols per d
and 2:0-2-4 g plant stanols per d reduce LDL-cholesterol by
an average of 85 and 89 %, respectively'®”. Typically for
an intake of 1-5-2-4g plant sterols or stanols per d, a
reduction in LDL-cholesterol of between 7 and 10:5% can
be expected. A similar health claim also exists in the
USA® . Evidence from two early analyses®>*” and two
more recent meta-analyses®'?? were cited in support of
the claim. In brief, the more recent analyses involved pool-
ing of data from a large number of RCT, either eighty-four
trials including 141 trial arms (6805 subjects)®", or fifty-
nine RCT (7 >4500 subjects)®”. A non-linear equation
comprising two parameters (the maximal LDL-cholesterol
lowering and an incremental dose step) was used to
describe the dose-response curve, and the overall pooled
absolute (mmol/D) and relative (%) LDL-cholesterol-lower-
ing effects of phytosterols were also assessed with a
random-effects model®”. The pooled LDL-cholesterol
reduction was 0-:34 (95% CI —0-36, —0-31) mmol/l, or
8:8% for a mean daily dose of 2-15g phytosterols. The
impacts of subject baseline characteristics, food formats,
type of phytosterols and study quality on the continuous
dose-response curve were determined by regression or
subgroup analyses. Higher baseline LDL-cholesterol con-
centrations resulted in greater absolute LDL-cholesterol
reductions. No significant differences were found between
dose-response curves established for plant sterols v. sta-
nols, fat-based v. non-fat-based food formats and dairy v.
non-dairy foods. A larger effect was observed with solid
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foods than with liquid foods only at high phytosterol doses
(>2g/d). There was a strong tendency (P = 0-054)
towards a slightly lower efficacy of single ». multiple
daily intakes of phytosterols®”. The results of this analysis
are not dissimilar to the second meta-analysis in which the
weighted mean net difference in LDL-cholesterol was
—031 (95% CI —0-35, —0:27) mmol/l (P<0:0001) com-
pared with control®®. Reductions in LDL-cholesterol
levels were reported to be greater in individuals with
high baseline LDL-cholesterol and when plant sterols
were incorporated into fat spreads, mayonnaise, salad
dressing, milk and yoghurt compared with other food pro-
ducts such as croissants and muffins, orange juice, non-fat
beverages, cereal bars and chocolate. There has been sig-
nificant product development in this area, with a wide
range of products, particularly yoghurts, yoghurt-type or
breakfast drinks and spreads now containing a substantial
quantity of plant sterols and stanols, enabling the regular
achievement of the target daily amount identified.

A further meta-analysis identified seventy-six studies, of
which twenty were considered of sufficient quality for
data pooling, and provides data on TAG, in addition to
total and LDL-cholesterol®®. The results of this analysis
indicated that volunteers consuming foods enriched with
2:0g plant stanols or sterols could significantly decrease
LDL- and total cholesterol and TAG compared with
control groups; mean differences were —0-35 (95%
CI —0-47, —0-22) mmol/l (P<0-00001), —0-36 (95% CI
— 046, —0-26) mmol/l (P<0-00001) and —0-1 (95%
CI =016, —0-03) mmol/l (P=0-004), respectively.

Recently, two further analyses have been performed that
compare the effect of plant sterols v. plant stanols on
serum lipid levels in healthy patients and patients with
hypercholesterolaemia. In the most recent systematic
review and meta-analysis, 113 publications and one
unpublished study report containing 182 treatment arms
met the pre-defined inclusion and exclusion criteria and
were included in the assessment®®. The maximal LDL-
cholesterol reductions for plant stanols (16-4%) and plant
stanol ester (17-1%) were significantly greater than the
maximal LDL-cholesterol reductions for plant sterols
(8:3%) and plant sterol ester (84 %3, however, intake
was far in excess of usual target intake levels of 1-5
to < 2:5g/d, at which level of intake the extent of LDL-
cholesterol reduction is comparable®”. An analysis specifi-
cally designed to summarise direct comparisons between
the effect on plant sterols and stanols on serum lipid
levels demonstrated that in fourteen studies with 531 sub-
jects, there is no statistically or clinically significant differ-
ence between plant sterols and plant stanols in their
abilities to modify total cholesterol (weighted mean differ-
ence (WMD), —003 (95% CI —0-11, 0-05) mmol/l
(P=0-47); LDL-cholesterol WMD, —0-010 (95% CI — 0-08,
0-06) mmol/l (NS); HDL-cholesterol WMD, 0:001 (95% CI
—0-03, 0:02) mmol/l (NS); TAG WMD, 002 (95% CI
—0-:08, 0-04) mmol/I (N$)?.
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Looking at the database of RCT and meta-analyses as a
whole, there is consistent evidence indicating that both
plant stanols and sterols reduce total and LDL-cholesterol
by a clinically and statistically significant amount. However,
whether there is a meaningful difference in the extent of
the cholesterol reduction when plant stanols and sterols
are included in the diet at the recommended dose and in
individuals with similar baseline cholesterol and in the
same food matrix is questionable.

Soya protein

The literature relating to soya protein is extensive, with
over 100 RCT published and a plethora of meta-analyses.
A total of eleven meta-analyses conducted with RCT that
relate soya protein with or without soya isoflavones to a
measure of blood lipids have been identified®°~%” as
well as a review and nomogram‘*”’. These meta-analyses
have recently been reviewed and it was concluded that
despite employing widely varying inclusion criteria, all
meta-analyses published to date consistently report a
reduction in total and LDL-cholesterol. The main area of
difference appears to be the extent of the reported
reduction in LDL-cholesterol, which was typically reported
to be about 0-22 mmol/l and equivalent to a reduction of
45—7-0%. HDL-cholesterol is typically increased by 0-01—
0-04 mmol/l and TAG reduced by 0-10 mmol/l. The assess-
ment of the effect of soya protein on blood lipids from
studies conducted in the 21st century was achieved by
pooling data from eligible RCT conducted with about
25g soya protein; the standard mean difference in LDL-
cholesterol in this subset of twenty-seven studies was
=022 (95% CI —0-28, —0-15) mmol/l, which was highly
statistically significant (P<<0-0001) and equivalent to a
reduction compared with baseline of 5-5%.

A novel approach to pooling data was adopted in the
analysis of Jenkins et al*®. These authors determined
the ‘intrinsic’ effect of soya protein (that related to the
soya protein per se) on LDL-cholesterol, separately from
the ‘extrinsic’ (displacement) potential of soya in replacing
SFA and other components in the diet associated with elev-
ated blood lipids. The intrinsic effect of soya to lower
plasma cholesterol was derived from a meta-analysis of
eleven RCT where macronutrient profiles of both soya pro-
tein and protein control diets were balanced. The results
from this meta-analysis indicated a mean LDL-cholesterol
reduction of 0-17mmol/l (n 22; P< 0-0001) or 4:3% for
soya, which could be attributable to the soya protein
itself and not due to any other dietary factor. They then
further explored the proposed ‘extrinsic’ effect of soya pro-
tein in displacing foods higher in SFA and cholesterol using
the standard predictive equations for LDL-cholesterol,
based on the isoenergetic substitution of a range of
13—-58g soya protein-containing foods per d for animal
protein foods, for example, cows milk, yoghurt and
meat. The estimated displacement value of soya (intake


https://doi.org/10.1017/S0954422412000170

P
N‘ Nutrition Research Reviews

https://do|

Food combinations for cholesterol lowering 253

range, 13—-58 g/d) using typical American diets (50th per-
centile Third National Health and Nutrition Examination
Survey (NHANES IID intake data) was a 36-6:0%
reduction in LDL-cholesterol, due to displacement of SFA
and cholesterol from animal foods. Thus, the total LDL-
cholesterol reduction attributable to the combined intrinsic
and extrinsic effects of soya protein foods therefore ranged
from 79 to 10-3%*?.

The extent to which soya protein can reduce total and
LDL-cholesterol has been evaluated largely in subjects
who are healthy or with modest hypercholesterolaemia,
although some of the meta-analyses include subjects with
familial heart disease, diabetes and the metabolic syn-
drome®**®_ A further important finding from the meta-
analyses is that no dose-response relationship has been
identified in the range of 15-40g soya protein intake
and any of the changes in blood lipids, indicating that
lower amounts of soya protein intake can be effective? .

Individual studies have compared the efficacy of differ-
ent sources of soya protein, an aspect further investigated
by sub-analyses conducted in recent meta—analyses(45’46) .
In a well-controlled study conducted with 25 g soya protein
that was presented as soya milk, prepared from either
whole bean or isolated soya protein and compared with
cows’ milk, no difference was reported in the extent of
LDL reduction between the two soya milks, and both
resulted in LDL-cholesterol levels that were significantly
lower than with cows milk (P=002)“”. In the recent
Anderson & Bush meta-analysis, a sub-analysis of forty-
seven studies evaluated the effects of food form of the
soya protein on LDL-cholesterol lowering. It was con-
cluded that different food forms of soya protein did not
have significantly differing effects on net reductions of
LDL-cholesterol when isolated soya protein was compared
with soya protein presented as either soya milk or yoghurt
or other food forms“®.

At the present time, health claims exist in both Europe
and the USA and are based upon an intake of 25g soya
protein being associated with lowered blood choles-
terol®® Y. The claim can be made on foods containing a
minimum content of soya protein, which is 5¢g in Europe
and 6:25¢ in the USA. There are a wide range of food
that supply >5g soya protein per serving; these include
soya milk, soya yoghurts, tofu, edamame and meat repla-
cer products such as burgers, meatballs, sausages and
mince.

Soluble fibre

An interest in the role that soluble fibre could play in redu-
cing blood cholesterol stems from research carried out in
the 1970s and 1980s. At this time, oats, pectin, guar gum
and psyllium were considered to be the main sources of
soluble fibre. A meta-analysis of sixty-seven RCT incorpor-
ating these fibres in the diet, at a range of inclusion of
2—-10g soluble fibre/d, indicated a reduction in total or
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LDL-cholesterol of —0-045 (95% CI —0-054, —0-035)
mmol/l per g soluble fibre and —0-057 (95% CI —0-070,
—0:044) mmol/l per g soluble fibre, respectively®?. At
this time it was concluded that there was no significant
difference between the extent of the cholesterol reduction
promoted by the various fibre sources. In recent times,
analyses have focused on specific fibre type, indicating
that there is a belief that all soluble fibres may not be
equal, or that the term ‘soluble’ is not sufficiently specific.
The soluble fibre component of importance for cholesterol
reduction in oats has been identified as the B-glucans. Sub-
analyses of the data, by source of soluble fibre, indicated
that a dose-response relationship existed between oat sol-
uble fibre intake and the degree of cholesterol reduction. It
could be calculated that 3 g soluble fibre from oats (three
servings of oatmeal, 28 g each) could decrease total and
LDL-cholesterol by approximately 0-13 mmol/1°?. An ear-
lier analysis of ten studies evaluating the effect of oats
inclusion and blood lipid modification indicated a change
in total cholesterol level of —0-13 (95% CI —0-19,
—0:017) mmol/l compared with control®®. In recent
times, a further meta-analysis was conducted as part
of the health claim application for oats®®. In this meta-
analysis, data were pooled from eighteen RCT; the overall
effect was a reduction of —0-34 (95% CI —0-42, —0-25)
mmol/l (P<0:001) for total cholesterol and a reduction of
—0-28 (95% CI —0-35, —0-22) mmol/l (P<0:001) for
LDL-cholesterol. When mean study differences were
plotted against dose, estimates for effects of the rec-
ommended intake of 3g oat B-glucan per d were —0-23
(95% CI —0-35, —0-10) and —021 (95% CI —0-31,
—0-11) mmol/l for total and LDL-cholesterol, respectively,
with no significant effect on HDL-cholesterol®?.

Barley B-glucan has also been shown to have choles-
terol-lowering properties®. In a meta-analysis evaluating
the lipid-reducing effects of barley, eight eligible trials
(n 391) of 4-12 weeks’ duration were identified. The
inclusion of 2—10g barley B-glucan lowered mean differ-
ence in total cholesterol by —035 (95% CI —0-48,
—0-21) mmol/l, LDL-cholesterol by —0-26 (95% CI —0-36,
—0-16) mmol/l and TAG by —0:13 (95% CI —0-23, —0-04)
mmol/l, but did not significantly alter HDL-cholesterol.
A further meta-analysis conducted with eleven eligible
studies reached similar conclusions®®. Unpublished
results from a third recently conducted meta-analysis,
which included only studies using barley B-glucan of
>50kDa molecular weight in the analysis, reported a
reduction in total and LDL-cholesterol of 0-41 (95% CI
—075, —0-44) and 0-33 (95% CI —0-42, —0-25) mmol/l,
respectively (both P<0-0001) (JI Harland, M Ruffell and L
Kolberg, unpublished results). By reference to a
sub-analysis it was established that 3g barley B-glucan
was the minimum effective dose and, at this level of
inclusion, LDL-cholesterol is reduced by 0-28 mmol/l,
a reduction of approximately 7% compared with baseline,
and total cholesterol by 0-34 mmol/l, a reduction of 57 %
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compared with baseline. This is not dissimilar to estimates
for calculated effects of 3 g oat B-glucan per d. Barley and
oats contain a similar amount of B-glucans (3-5-5-9 % DM);
it seems unlikely that there is a meaningful difference
between the two cereals in cholesterol modification.
However, as yet there are insufficient data to determine a
dose-response relationship for barley B-glucan.

Health claims exist in the USA for oat and barley
B-glucans and in Europe for B-glucans and maintenance
of healthy cholesterol levels®”*® and for oat B-glucan
and barley glucan for cholesterol reduction®**”. In order
to carry the health claim in Europe, foods must meet the
condition that 3g B-glucans per d from oats, oat bran,
barley, barley bran, or from mixtures of non-processed or
minimally processed B-glucans, should be contained in
one or more servings. To achieve this level of B-glucan
intake, a typical serving of cereals required is about
84g/d. In practice this is difficult to achieve and
realistically half of this amount could be consumed in a
single meal at, say, breakfast.

Cereals, particularly whole-grain cereals, have been
associated with a lower incidence of CHD or coronary
death. However, the evidence is largely provided by epide-
miological studies and the mechanisms of action uncertain;
consequently, whether cholesterol reduction is of signifi-
cance, over and above the contribution made by viscous
fibre components of whole grains, is not clear®”. In a
meta-analysis of seven prospective cohort studies with
quantitative measures of dietary whole grains and clinical
cardiovascular outcomes it was shown that a greater
whole-grain intake (pooled average 2-5 servings v. 0-2
servings/d) was associated with a 21% lower risk of CVD
events (OR 0-79; 95% CI 073, 0-85)V.

Viscous fibre in the form of pectins has a recognised
blood cholesterol-lowering effect®*®?. Pectins are linear
chains of a-1-4-galacturonic acid units with side chains
including galacturonic and glucuronic acids; they are
viscous and water-soluble fibres found in fruits and
vegetables. By reference to two meta-analyses, the most
recent of which included seven studies (2 277 subjects),
a statistically significant effect of pectins on total and
LDL-cholesterol at intakes of 2:2-9g/d was reported.
There was also a significant dose-response relationship
between the intake of soluble fibre (including pectins)
and total and LDL-cholesterol lowering, but no significant
dose-response  relationship for HDL-cholesterol and
TAG®?. It was estimated that 1g pectins/d produced sig-
nificant changes in total and LDL-cholesterol of —0:07
95% CI —0-117, —0-022) and —0-05 (95% CI —0-087,
—0-022) mmol/l, respectively (both P<0-05). It was
suggested that in order to make a claim relating to the
cholesterol effect, foods should provide at least 6g
pectins/d in one or more servings(éz).

Another polysaccharide component for which an associ-
ation between the maintenance of LDL-cholesterol and its
consumption exists is chitosan®®. The EFSA assessed
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evidence relating this polymer of B-1-4-linked D-glucosa-
mine and N-acetyl-p-glucosamine, which is a component
of the exoskeleton of crustaceans and the cell walls of
fungi. They suggested that the evidence indicated a
small, but statistically significant effect on the reduction
of both total (combining five studies) and LDL-cholesterol
(combining two studies) concentrations, with no effect
observed on HDL-cholesterol. The Panel suggested that
in order to have an effect on blood lipids, 3 g chitosan/d
should be consumed. The mechanism by which chitosan
is presumed to exert the claimed effect is far from conclus-
ive, but it was suggested that it binds to negatively charged
lipids and reduces their gastrointestinal uptake(@) .

Tree nuts

Initially data demonstrating an association between tree
nut intake and CHD were derived largely from epidemiolo-
gical evidence. A pooled analysis of four US epidemiologi-
cal studies showed that subjects in the highest intake group
for nut consumption had an approximately 35% reduced
risk of CHD incidence®”. There was speculation as to
the actual mechanism(s) involved and it has been
suggested that a lipid-lowering effect, involving total and
LDL-cholesterol, may be the key mechanism involved.
However, the level of blood lipid reduction tends to be
greater than that predicted from the fatty acid composition
of nuts. For example, in an analysis of seventeen RCT, it
was demonstrated in the results from ten of these studies
that nuts had a greater lipid-lowering effect than would
have been predicted from their fatty acid composition
alone®?. The average predicted reduction in LDL-choles-
terol for the seventeen studies was 0-23 mmol/l and the
measured reduction 0-29 mmol/l. Tt is suggested that nut
protein, or some component thereof, may be responsible
from this greater than predicted response. In a systematic
review of studies that examined the relationship between
the intake of nuts and their effect on blood lipids, it was
found that in three almond (intake 50-100g/d), two
groundnut (35-68 g/d), one pecan nut (72g/d) and four
walnut (40-84g/d) studies that the decreases in total
cholesterol were between 2 and 16% and those in
LDL-cholesterol were between 2 and 19%, compared
with subjects consuming control diets®>.

A further meta-analysis of five RCT (1 142) conducted
specifically with almonds, where intake was 25-168 g/d,
demonstrated a reduction in total cholesterol of 0-18
(95% CI —0-34, —0-02) mmol/l (P<0-05) and LDL-choles-
terol of 0-15 (95% CI —0-29, 0-00) mmol/l (NS)©.

Studies conducted with walnuts were reviewed and
random-effects meta-analysis of blood lipid outcomes
was conducted in thirteen RCT (12 365)°”. In these RCT,
walnuts provided 10-24% of total energy intake. Diets
supplemented with walnuts resulted in a significant
reduction in total and LDL-cholesterol of 027 and
0-24mmol/l, respectively (both P < 0-001), while
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HDL-cholesterol and TAG were not significantly different.
A further recent small study also indicated an effect on
LDL-cholesterol, over and above that predicted from the
composition of nuts, either walnuts or almonds, and
virgin olive oil .

In 2003 in the USA, a Qualified Health Claim was
approved, which identified that the data suggested, but
did not prove, that the intake of 1-5 oz (42g) nuts/d may
reduce the risk of heart disease. Usual intakes in both the
USA and Europe fall short of this, where intakes are 21
and 31g/d, respectively(@”. The important factor with
nuts is that they are largely consumed as a snack and, as
such, offer a healthy alternative to high-fat micronutrient-
poor snacks that furthermore can make a significant contri-
bution to cholesterol reduction and improve the fat quality
by replacing about 5-8 g SFA with MUFA per portion.

Other foods or beverages that may modify blood lipids

A masterly analysis of the effects of flavonoids on heart dis-
ease risk factors was conducted in 2008 where data from
133 RCT were evaluated“?. Within this review, sub-anal-
ysis of the effects of either chocolate/cocoa or green tea
flavonoids on blood lipids (LDL) was conducted. Four
studies were pooled for green tea (n 378) and five
(n 214) for chocolate flavonoids. The resulting reduction
in LDL-cholesterol was significant for green tea (—0-23
(95% CI —0-34, —0-12) mmol/D), but not for chocolate fla-
vonoids (—0-04 (95% CI —0-21, 0-13) mmol/). While the
RCT data for green tea look promising, further studies
are needed to confirm the effect on blood lipids and
when data were submitted to the EFSA for a health
claim, an association with lipid lowering was not estab-
lished”®. It seems likely that the beneficial effect that
chocolate flavonoids may have on CHD risk is mediated
through effects on blood pressure, not cholesterol.

Two meta-analyses, both retaining twenty-eight RCT,
studied the effect on blood lipids where the dietary inter-
vention was flaxseed, either whole or its lignan com-
ponent’"7?_ Flaxseed interventions reduced total and
LDL-cholesterol by 0-10 (95% CI —0-20, 0-00) and 0-08
(95% CI —0-16, 0-00) mmol/l, respectively. No significant
changes were found in the concentrations of HDL-choles-
terol and TAG. The cholesterol-lowering effects were
more apparent in females (particularly postmenopausal
women) and those with high initial cholesterol concen-
trations. The authors concluded that while total cholesterol
and LDL-cholesterol were reduced, further studies are
needed to determine the efficiency of flaxseed on lipid
profiles in men and premenopausal women. Flaxseed is
a rich source of ALA, itself the subject of an assessment
by the EFSA to evaluate its effect on blood lipids. It was
concluded that a relationship was established between
the intake of ALA and the maintenance of blood choles-
terol concentrations. In order to bear the claim a food
should contain at least 15% of the proposed labelling
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reference intake value of 2g ALA/d7®. This quantity of
ALA can be found in approximately 2—3 g flaxseed.

Other legumes can be effective in cholesterol reduction,
as indicated in a systematic review of the literature where
140 relevant reports were identified, of which ten RCT
(n 268) were selected as being suitable for meta-
analysis”". A non-soya legume diet was compared with
control, for a minimum duration of 3 weeks and changes
in blood lipid reported. Pooled mean net change in total
cholesterol for those consuming a legume diet compared
with control was —0-31 (95% CI —042, —0-19) mmol/l
and mean net change in LDL-cholesterol was —0-21
95% CI —0-30, —0-12) mmol/l.

Garlic has many claimed health effects; in order to estab-
lish if there are quantifiable benefits on blood lipids, a
meta-analysis was conducted of thirteen RCT (12 1056)7>.
In this analysis the inclusion of garlic did not result in
any significant differences in all outcome measures exam-
ined, when compared with placebo. The effects on total
and LDL-cholesterol were —0:04 (95% CI —0-15, 0-07)
and —0-01 (95% CI —0-10, 0-11) mmol/l, respectively;
there were no marked differences in HDL-cholesterol,
TAG and apoB. In a second meta-analysis, twenty-nine
trials were pooled and the effect of garlic on blood lipids
reported. Garlic was found to significantly reduce total
cholesterol by —0-19 (95% CI —0-33, —0-06) mmol/l and
TAG by —0-11 (95% CI —0-19, —0-06) mmol/l, but had
no significant effect on LDL- or HDL-cholesterol. There
was a moderate degree of statistical heterogeneity in
both meta-analyses, indicating a need for further studies
to improve the confidence of this finding. Recently it has
been suggested that garlic can affect several cardiovascular
risk factors, not just lipoprotein modification, and may
have important antioxidant and antiplatelet functions as
well as inhibition of LDL uptake7®.

Contribution that specific food combinations can make
to blood lipid modification

Data relating to the cholesterol-lowering effect of single
individual foods and food ingredients have been summar-
ised, but a key question remains to be addressed: to what
extent are the reductions in cholesterol additive when
these food components are combined in the diet? Evidence
provided by the ‘portfolio diet’ studies, where multiple
changes to the diet have been made, has been reviewed
to gain an understanding of this aspect.

Portfolio diets

To identify such studies, the Medline search undertaken
used the specific search term ‘portfolio diet’. From this,
and a hand search of identified papers, eighteen ‘portfolio’

studies were identified, of which eleven were retained for
(AL1277-89  gxcluded  studies were
those that did not measure blood lipids(%_()l)

further examination
, Or were
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duplicates of other reports®®. The oldest study identified
in this series makes only two dietary changes, the introduc-
tion of soya protein and viscous fibre; information related
to it has been detailed separately from the main portfolio
diet studies, but it is useful in gaining an understanding
of the extent to which the changes promoted by these
foods are additive®. A summary of the retained studies
and the dietary modifications made is detailed in Table 1.

There are 656 subjects that have participated in ‘portfolio
studies’, approximately half of whom are men and half are
postmenopausal women. Study duration was from 4-80
weeks. Studies have been conducted in both a metabolic
setting (short-term clinical efficacy studies) with virtually
all foods supplied and in community-based studies of
=6 months’ duration, where free-living subjects are given
dietary advice to help them adopt a portfolio diet.

Typically, the portfolio diets contain per 1000 kcal
(418 M)): 1 g plant stanols or sterols, 16—23 g soya protein,
8-10g viscous fibre (generally from oats, barley, psyllium
and okra) and 16-23 g nuts, usually almonds or a combi-
nation of tree nuts and groundnuts. Typical total energy
intake is about 2500kcal (10-5M])/d except in the
weight-loss study, where it is 2000kcal (84 MJ)/d7.
A single study has evaluated the effect of adding MUFA
to this combination of foods"'?. The diets are generally
low or very low in SFA and the emphasis is on plant
foods, with many of the interventions being either vegan
or vegetarian.

The predicted reduction in cholesterol for each of these
components has been calculated for a ‘reasonable’ daily
intake of that food component as proposed by the portfo-
lio diet and, in many cases, this amount consumed is
markedly less than the quantity from which the effect on
LDL-cholesterol was originally derived. Where this occurs,
it has been assumed that a dose-response relationship
exists between the amount of food or food ingredient
intake and cholesterol lowering and a pro rata response
calculated (see Table 2). This assumption is known to be
valid and a dose-response relationship exists for B-glucans
from oats and cholesterol reduction®; and similarly for
MUFA from a variety of sources'®. However, it is rather
more contentious as to whether such a relationship exists
for soya protein, where a dose-response relationship was
reported in one analysis®” and not in others®**®. Never-
theless, despite these weaknesses, the data in Table 2
demonstrate that each single dietary intervention can
have a modest effect on LDL-cholesterol and that these
effects are biologically plausible. When the predicted
cholesterol lowering for each component part of the port-
folio diet is added together, the overall predicted reduction
in LDL-cholesterol is about 33 %.

The extent of cholesterol modification associated with
each of the ‘portfolio diet’ trials is detailed in Table 3.
Where there was a control group, often a low-fat-diet,
included in the study, the reported LDL-cholesterol
reduction in the treatment group is over and above that
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reported for the control, i.e. a net effect. Where there
was no control group, and in all studies where measures
of LDL-cholesterol are taken at intervals, the value
recorded for the longest period on trial is reported.

From Table 3, it can be seen that the reported reduction
in LDL-cholesterol is close to the predicted value of about
33% in two studies, both of which were simple interven-
tions of short duration (approximately 4 weeks) with no
control group, where the reduction reported was 30 and
29 %, respectively(11’84). Longer-term intervention studies
(>6 months) with a control group generally result in a
reduction of LDL-cholesterol, approximately half of the
predicted value, at about 15% %%V One of the main
factors responsible for this lower rate appears to be a
reduction in compliance. In the short-term metabolic
studies compliance is typically >90%"'*7® whereas com-
pliance measured in the 80-week study was 62, 53, 68 and
67 % for soya protein, viscous fibre, almonds and plant
sterol and stanols components, respectively®. Overall
compliance with the ‘portfolio diet’ was typically about
60%, but during a period when plant sterols or stanols
were removed from the diet, compliance dropped to
45%%? Attempts to improve compliance by more inten-
sive dietary counselling, increasing counselling sessions
from two to seven, had little overall effect on compliance
although dietary adherence was directly associated with
LDL-cholesterol reduction”®. From the studies it appears
that it is most difficult to comply with the target viscous
fibre intake and perhaps easiest to comply with the target
plant sterol and stanols and nuts intake.

Perhaps this is not too surprising when considered from
a practical perspective, as generally foods providing plant
sterols or stanols or soya protein are simple exchanges
and easy to include in the diet, for example, replacing a
pot of dairy yoghurt with a pot of soya or plant stanol or
sterol equivalent, or replacing dairy milk with soya milk.
Almonds or tree nuts can be provided to study volunteers
as snack packets; these, too, are easy to accommodate
in the diet as convenient replacements for higher-fat, -salt
and -sugar snacks. However, introducing viscous fibres
into the diet may necessitate changes to a number of diet-
ary components to provide a balanced meal and require a
fundamentally different approach to the diet. Where MUFA
were included in the diet this was achieved by the addition
of high-oleic sunflower-seed oil to the diet. Both high-oleic
sunflower-seed and rapeseed are attractive salad oils that
have the added advantage of being stable during many
food processes and, as such, are suitable alternatives to
fats high in TFA and SFA for a variety of food manufactur-
ing purposes(%) .

Mechanisms of action

Clearly, while compliance with the portfolio regimen is
a significant factor is assessing whether the component
parts of the diet are genuinely additive, an understanding
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Table 1. Intake of specific foods that constitute component parts of ‘portfolio diets’ in trials identified by the present review

Plant stanols SP Viscous fibres Tree nuts or almonds
Reference (9/1000 kcal)* (9/1000 kcal)* (9/1000 kcal)* (9/1000 kcal)* Diet comments
Jenkins et al. (2011)(7® 0-94 225 9-8 225 Peas, beans and lentils intake encouraged
Tree nuts and groundnuts Control low-fat diet
Jenkins et al. (2010)'? 1.0 200 10-3 21.5 1-month run-in on very-low-fat diet, then
Almonds high- v. low-MUFA portfolio diets compared.
CHO at 13% energy replaced with MUFA
from high-oleic sunflower-seed oil; 13
v. 26% energy from MUFA
Jenkins et al. (2009)"® 0 About 18 3-35 Nuts provided 20-8 g fat Control diet: 2000 kcal* lacto-ovo-vegetarian
43-5% energy from fat diet, 58% energy from CHO and
Mixture of nuts 25% energy from fat
2000 kcal* Eco-Atkins diet: 26% energy from
CHO, 31% energy from protein, 43%
energy from fat
Both groups lost 4 kg in weight
Jenkins et al. (2008)©? 11 225 10 23 No control group
Almonds
Jenkins et al. (2006)©" 1 225 10 23 No control group
Almonds Subjects encouraged to eat other plant
proteins and fibre
Jenkins et al. (2005)" 1 214 10 14 Very-low-SFA diet control, second
Almonds comparison with statin
Lamarche et al. (2004)®2 1 22.7 8.2 15 Very-low-fat SFA diet
Almonds
Jenkins et al. (2003)®% 1 214 9-8 14 Very-low-fat SFA diet based on whole
Almonds wheat and low-fat dairy products
Second comparison included added statin
Jenkins et al. (2003)®% 1.2 16-2 8-3 16-6 Vegan ‘portfolio diet’ compared with
Almonds lacto-ovo-vegetarian NCEP 2 diet
Jenkins et al. (2002)('" 1 23 9 0 No control, very-low-SFA ‘portfolio diet’

SP soya protein; CHO, carbohydrate; NCEP, National Cholesterol Education Program.

*1000kcal = 4184 kJ.

tIncluded study period of 10 weeks without plant sterols. Note that this is an extension to Jenkins et al.®").
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Table 2. Relative contribution that specific foods can make to blood lipid modification

Approximate estimated reduction in LDL when
used at typical inclusion rate in ‘portfolio diet’

Effect on
Food or component Amount (g/d) LDL-cholesterol (%) % mmol/l Reference
Saturated fat < 7% energy 10 4 0-15 10
Plant sterols 1.5-1.9 85 87 0-35 27
Plant stanols 2.0-24 8-9
Soya protein 25 4.5-7 5.5 0-22 37-46
Soluble fibre
Mixed viscous fibres Up to 10 1-3%l/g 8 0-35-0-50 52,54,62
Oats or barley B-glucan 3 3.5-5 5 0-2 52
Psyllium 9-10 0-72%/g 72 0-3 10
Tree nuts 7 0-29 64
Almonds 25-168 375 375 015 66
Inclusion of MUFA 10 5.8 7-5 0-32 18
Theoretical additive total from 332 1.36
‘portfolio’ components
Plus MUFA 40 1.7
Non-soya legumes About 5 NA NA 74
Flaxseed 2-3g About 3 NA NA 71,72
Body weight Lose 4-5kg 5 NA NA 10
Dietary cholesterol < 200 mg/d 5 NA NA 10

NA, not available.

of the mechanisms of action by which each component
in the diet is thought to act and the identification of any
potential incompatibility between them are also important.

An inhibition of intestinal absorption of both dietary and
endogenous cholesterol is the mechanism by which plant
sterols and sterols are thought to exert their effect,
although the molecular mechanisms involved are not
fully resolved. In simple terms, the presence of increased
quantities of plant sterols or sterols competes with choles-
terol for micellar solubility, therefore lowering the amount
of cholesterol available for absorption by intestinal muco-
sal cells**9,

Despite markedly different structure and composition, it
has been suggested that viscosity rather than quantity of
soluble dietary fibre predicts its cholesterol-lowering
effect®. Furthermore, it has been reported that no major
differences exist between the four different types of
water-soluble fibres (B-glucan, psyllium, pectin and guar
gum) in the extent to which they reduce cholesterol®?;
thus it is proposed that there is a common underlying
mechanism, namely that water-soluble fibre slows the
reabsorption of particular bile acids and as a result hepatic
conversion of cholesterol into bile acids increases, resulting
in turn in an increased LDL uptake by the liver®”.
Certainly with regard to B-glucan there is good evidence
that its mechanism of action is related to viscosity; with
viscosity in the small intestine determined by the concen-
tration, molecular weight and solubility of the B-glucans®?.
With pectins it is their molecular size and degree of
esterification that have been shown to be important
determinants of effectiveness”®
cholesterol-lowering mechanisms for soluble fibres seem
to involve reabsorption of bile acids, increased synthesis

. Nevertheless, the core
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of bile acids from cholesterol and reduced circulating
LDL-cholesterol concentrations.

The actual mechanism involved in the cholesterol-lower-
ing process when soya protein is incorporated in the diet is
less clear. Some researchers suggest it is the protein itself,
in particular the 7S globulin, that up-regulates the activity
of the LDL receptors®”, while others also suggest a role
for the soya isoflavones associated with the protein®”.
However, isolated soya isoflavones have generally not
been found to reduce cholesterol™®”. In all probability
the major mechanism(s) by which cholesterol is lowered
is largely related to the soya protein component per se,
but as the isoflavones in their natural form are integrally
linked to the protein, they too may be important in deter-
mining effectiveness. Certainly, soya protein processed in a
manner to deplete the isoflavone content generally has a
reduced cholesterol-lowering capacity(42).

As recently concluded by the EFSA, the mechanism
by which tree nuts, or more specifically walnuts, affect
blood cholesterol was attributed to their content of MUFA
and PUFA"?. This conclusion was made despite indi-
cations from the data detailed previously; nonetheless, in
weighing the evidence it concluded that the consumption
of walnuts did not have an effect on blood LDL-concen-
trations beyond what could be expected from their fatty
acid composition.

The added value of including MUFA in the diet and their
effect on blood lipid profile was also shown in a single
‘portfolio diet’ study that incorporated a high-oleic sun-
flower-seed oil*?. This study achieved the joint objectives
of reducing LDL-cholesterol levels and improving
HDL-cholesterol levels, thus demonstrating the value of
improving fat quality of the diet, as well as introducing
cholesterol-lowering foods into the diet.
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Table 3. Study characteristics and the effect on blood cholesterol and ratios of total or LDL-cholesterol:HDL-cholesterol where ‘portfolio diets’ adopted

Reduction in LDL

Change in HDL

Improvement (%)

Study length Treatment

Author and design participants (n) % P mmol/l P Total:HDL LDL:HDL Total:HDL LDL:HDL

Jenkins et al. (2011)7® 6 months, RCP 351 15.2* =0-05 NS 78 NA 0-006 NA
137 M/214 PF 14.5¢ =0-05 NS 9:6 NA 0-004 NA

Jenkins et al. (2010)("? 4 weeks, RP 24 22.0% NA 0-13 NA NA NA
17 M/7 F 1.1§ High v. low 0-12 0-003 5.4 6-3 0-03 0-03

MUFA: NS

Jenkins et al. (2009)"® 1 month, RCP 44 6-8 0-002 NS 56 34 0-03 0-02
18 M/26 PF

Jenkins et al. (2008)©? 80 weeks, RP 42 15.4|| <0-001 NS 12.3 18-3 0-001 0-001
19 M/23 PF 9.009 <0-001 NS 8.8 10.9 <0-001 <0-001

Jenkins et al. (2006)®" 1 year, IT 66 136 <0-0001 0-04 0-026 12:6 154 <0-0001 <0-0001
31 M/35 PF

Jenkins et al. (2005)7" 4 weeks, RCX 34 199 (net) <0-001 NS 17.0 25.0 <0-001 <0-001
20 M/14 PF

Lamarche et al. (2004)©? 4 weeks, IT 12 29.8 <0-0001 NS NA NA NA NA
6 M/6 PF

Jenkins et al. (2003)®® 1 month, RCP 46 21-4 (net) <0-005 NS 171 25-1 <0-005 <0-005
25 M/21 PF

Jenkins et al. (2003)®% 4 weeks, RCP 24 22.9 (net) <0-001 NS 20-8 30-0 <0-001 <0-001
16 M/9 PF

Jenkins et al. (2002)"" 1month, IT 13 28.7 <0-05 NS 20.9 260 <0-05 <0-05
7 M/6 PF

RCP, randomised controlled parallel study; M, male; PF, postmenopausal female; NA, not available; RP, randomised parallel study; F, female; IT, single-phase intervention trial (comparison with baseline); RCX, randomised

controlled cross-over trial.

* Standard counselling two visits/6 months.

1 Intensive counselling seven visits/6
1 Difference compared with baseline.

§ End of study high-MUFA portfolio compared with low MUFA.

months.

|| Plant sterols throughout study period.

9 No plant sterols for weeks 52—-62.
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As to whether there are any conflicts or synergies
between the modus operandi of the various components
of the portfolio diet is less well understood. As the reported
changes in blood lipids in short-term well-controlled port-
folio-diet studies appear to be not too different from the
value predicted from the sum of the individual com-
ponents, there largely appears to be an additive effect.
However, there is still a high degree of uncertainty with
regard to the detailed mechanisms involved and, because
of this, the degree of synergy can best be determined by
looking at simple substitutions, made in a stepwise fashion,
rather than in studies where multiple changes are made at
the same time. Thus, well-conducted studies where only
two component changes are made and each accessed inde-
pendently, as well as together, provide a better insight to
the extent of synergy or antagonism between the choles-
terol-lowering foods''?.

Simple food combinations

Long-term compliance with dietary intervention is crucial
to effectiveness. What influences compliance is a huge
subject in its own right, a key aspect of which is motivation
that can vary widely among individuals. In a review of
three studies investigating subjects’ motivation to change
their diet to match nutritional goals, all participants
achieved a change in dietary intake over 1 week and met
one nutritional goal'®". However, it was much easier to
substitute one item in the diet for another or reduce con-
sumption of certain foods that contained or contributed a
significant amount of fat, such as margarine and milk. In
the short term dietary change may be relatively easy, but
over the longer term availability of foods, especially
snack foods, can make adherence difficult. Subjects in
the Diet and Reinfarction Trial (DART) found it relatively
easy to make one dietary alteration, but where two nutri-
ents were involved it became more difficult'%”. In many
respects the macronutrient content of the ‘portfolio diet’
closely resembles DART interventions, particularly the
two interventions used in the OmniHeart studies, one of
which was a protein-rich diet with about half the protein
from plant sources and the second, a diet rich in unsatu-
rated fat, predominantly MUFA®,

In considering effective food combinations for choles-
terol modification and maximum compliance, it may there-
fore be more effective to restrict the number of changes to
the diet and focus on making only two changes. Two per-
tinent dietary changes with a high level of compliance
could result in substantial cholesterol lowering. There is a
limited number of studies in the literature where changes
have been made to two discrete cholesterol-lowering
components, without significant manipulation of the back-
ground diet, and where the effect of each has been quan-
tified separately and as a combination, necessary to
establish the extent of synergy between the agents; see,
for example, Theuwissen & Mensink'®” and Yoshida
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et al"°” In a further study the effects of oats and soya
protein were assessed independently and together, but
after all subjects had complied with the macronutrient tar-
gets of an American Heart Association step 1 diet for 3
weeks'"®. Other studies report the effect of introducing
two cholesterol-modification agents in the diet, but do
not assess the effect of each independently; see, for
example, the evaluation of soya drinks with plant sterol
or stanols"®~ M"Y A summary of studies that report use
of two of the cholesterol-lowering components detailed
in the earlier sections is given in Table 4.

There is considerable variation in the quality of the
studies detailed in Table 4; three studies were double-
blinded, six studies included a control and, of these, only
three studies included a placebo intervention. Study dur-
ation was relatively short and varied between 3 weeks
and 3 months. Three studies used plant stanol or sterol—
soluble fibre combinations1°>197112 " of which two deter-
mined the effect of the individual components, as well as
the combination**'”.

From these studies it can be seen that the effects of intro-
ducing two food components into the diet are to a degree
additive, although less than would have been predicted in
respect of the plant stanol—oat B-glucan combination®®.
Specifically, the addition of plant stanol esters to
B-glucan-enriched muesli significantly lowered LDL-
cholesterol concentrations by 4-4 %, less than the estimated
change of approximately 8-5%. The authors suggested that
the lower response was due to the higher viscosity in the
intestinal lumen produced by the B-glucan, which inter-
fered with the absorption of plant stanols. As plant stanols
reduce intestinal cholesterol absorption through compe-
tition for micellar incorporation and promote cholesterol
efflux back into the intestinal lumen this may have been
compromised, resulting in both reduced serum concen-
trations and lower efficacy of the plant stanols. Alterna-
tively, higher intestinal viscosity may affect lipid
emulsification and the hydrolysis of plant stanol esters to
active free plant stanols released later in the intestinal
tract and thus affect overall efficacy and absorption. A
study in which a glucomannan—plant sterol combination
was used also provides an insight to the mechanisms
involved. In this study plasma lathosterol, a cholesterol
precursor and an index of cholesterol synthesis, was deter-
mined®”.  Plasma lathosterol ~concentrations were
increased from baseline with plant sterol treatment, but
not with glucomannan supplementation; furthermore the
glucomannan—plant sterol combination resulted in
decreased plasma lathosterol (P<<0-05), suggesting that
glucomannan suppresses the compensatory increase of
cholesterol synthesis by plant sterol intake*”. In a study
where mildly hypercholesterolaemic subjects consumed
B-glucan with or without plant stanol esters, there was
no significant effect on inflammatory parameters, nor
were there changes in expression profiles of eighty-four
genes involved in atherosclerosis metabolism when
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Table 4. Study characteristics and the effect on LDL- and HDL-cholesterol when two cholesterol-modifying components are introduced in the diet

Study length Treatment Change (net) Change (net)
Author Diet intervention and design participants (n) in LDL (%)* P in HDL (%)* P
Cicero et al. (2002)(""" Established baseline compared with soya drink (4:1): 8 g soya protein 1204, IT 20 9-6 <0-05 8-2 NS
+2g plant sterol/d
Cicero et al. (2004)("? Established baseline compared with soya drink (4:1): 8g soya protein 120d, IT 36 11.61 <0-05 2.2t NS
+2g plant sterol/d 18 M/18 F
Jenkins et al. (1999)©® Simple combination of 14-1 g soya protein and 7-6 g viscous fibres/d 1 month, RCX 31 6-4 <0-001 NS
compared with lacto-ovo-vegetarian diet 19 M/12 PF
Lukaczer et al. (2006)''  Low-glycaemic index diet with 30 g soya protein and 4 g phytosterol/d 12 weeks, RCP 59 PF 14.6t <0-01 +5.61 0-05
compared with American Heart Association step 1 diet 18-0 +4-8
Shrestha et al. (2006)(112) Control cookies or cookies with 7-68 g psyllium and 2-6 g plant sterols/d 4 weeks, RCX, DB~ 33 9.7 <0-01 —0-05 NS
11 M/22 F
Theuwissen Control 5 g wheat fibre or 4 weeks, RCX, DB 43
& Mensink (2007)(1%% 59 oat B-glucan or 20 M/23 F 5.1 <0-05 -07 NS
59 oat B-glucan +1-5g plant stanols/d 97 <0-05 -07 NS
Torres et al. (2009)'"®) 1 month on low-SFA diet followed by 2 months on low-SFA diet +25g 3 months, IT 43 20-6% <0-05
soya protein and 15 g soluble fibre/d 20 M/23 F
Van Horn et al. (2001)("%®  3-week American Heart Association step 1 diet then control of oats/milk 6 weeks, RCP 127 PF
or 1.7 g oats soluble fibre/milk protein 5.7 <0-02 -1.7 NS
20-8 g soya protein/wheat +0-2 NS —-06 NS
0-9 g oats soluble fibre/18-7 g soya protein 6-9 <0-02 -0-6 NS
Weidner et al. (2008)(1%9 Control soya drink compared with 200 ml soya drink +1-6 g plant stanol 8 weeks, RP, DB 50 6-8t <0-05 3.1t NS
19 M/31 F
Yoshida et al. (2006)('%” Control bars 3 weeks, RCX 34
Bars with 1-8 g plant sterols/d 18§ 5.4 NS 0-6 NS
Bars with 10 g glucomannan/d 8 M/10 F 138 <0-05 -5.0 NS
Bars with 1-8 g plant sterols + 10 g glucomannan/d (16TI:4M12F) 21-8 <0-05 -85 NS

IT, single-phase intervention trial (comparison with baseline); M, male; F, female; RCX, randomised controlled cross-over trial; RCP, randomised controlled parallel study; DB, double-blinded study; PF, postmenopausal female;
RP, randomised parallel study; T Il, type 2 diabetics.

* Between treatment and control.
T Within treatment.

1 Within treatment, total cholesterol.
§ Data presented for non-diabetic subjects only.
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HDL-cholesterol
increase (mmol/l)
0-035
0-035
0-02§

mmol/Ix
0-075-0-145
0-065-0-09
0-31-0-34

0-28
0-28
0-08

LDL-cholesterol reduction

2.9
7.4
7.4

2.1
1.7

%t
8.7

MUFA
increase (g)
8
7
7-0
0
04
0

SFA
reduction (g)
- 35
—24
- 26
- 1.75

*Food compositional data taken from McCance and Widdowson’s Composition of Foods‘!'”). The suggested food replacements are based on a typical serving or reasonable daily intake of that food.

Table 5. Relative contribution that practical intakes of specific foods can make to blood lipid and fat quality modification
1 Assumes that baseline LDL-cholesterol is 3-75 mmol/I.

High-oleic sunflower-seed oil, 10 g (compared with average frying oil composition)('®
High-oleic rapeseed oil, 10 g (compared with average frying oil composition)®
Soya protein, 8 g, from 250 ml soya milk (compared with semi-skimmed milk)!-43:46)

Oats, 42 g (compared with wheat) (approximately 1-5 g B-glucans)(25358)

Almonds or nuts, 42 g serving, compared with milk chocolate(®*%®
Plant stanol and sterols, 2 g (compared with regular spreads)®”-31:32)
1 Data converted from mg/dl using a conversion factor of 0-02586 throughout.

§ Statistically significant in some analyses, but not all.

Food*

org/10.1017/50954422412000170 Published online by Cambridge University Press
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B-glucan was included in the diet and the expression of
only three genes — ADFP (adipose differentiation-related
protein), CDH5 (cadherin 5, type 2) and CSF2 (granulo-
cyte-macrophage colony-stimulating factor 2) — changed
after plant stanol ester consumption™'?.

It has also been suggested that the food matrix in which
plant stanols or sterols are presented can influence their
effectiveness®®. Four studies evaluated the effect of soya
protein—plant stanol or sterol combinations and reported
a LDL-cholesterol reduction of between 68 and
14-69% 109~ HLID  However, as only one of these studies
included a control group, which was advice to follow an
American Heart Association step 1 diet, there is neither
the basis to assess the degree to which these changes
were additive nor the effect of the food matrix.

Soya protein—soluble fibre combinations demonstrated
an effect on cholesterol that is additive to some degree in
the early study by Jenkins et al®®, although there was
little synergistic effect on LDL-cholesterol in a further

A% but a greater effect in a less

115

well-controlled study
controlled study of longer duration
The extent to which these reported reductions in
LDL-cholesterol is a reflection of the true additive nature
of the dietary interventions and that could be predicted
from each component, or good compliance, is not clear.
The variable quality, relatively small size and limited dur-
ation of these studies make interpretation difficult.
Nevertheless, in practical situations, reductions in LDL-
cholesterol concentration of about 15% have been
achieved in studies of 4-12 weeks duration by both
soya protein—plant sterol and viscous fibre—soya protein

combinations! 1111119

, representing a significant benefit
and reduction in coronary risk to those otherwise healthy
subjects with mild hypercholesterolaemia.

When considering effective public health measures,
reference to habitual diet could be made to select the inter-
ventions most likely to be effective for each individual.
Identification of the most appropriate food or food com-
ponent exchanges for an individual, by reference to a
diet diary, improves the likelihood of success due to
better compliance. In addition, by careful selection of the
components involved, the joint objective of cholesterol
improvement and improved fat quality in the diet could
be achieved. Two relatively small dietary changes could
typically result in a reduction in LDL-cholesterol of
5-15%, sufficient to reduce coronary risk by 10-30%
and make a meaningful contribution to public health®®.
Examples of the impact on both LDL-cholesterol and fat
quality of the diet by including some of the previously dis-
cussed food or food component exchanges as replace-
ments for less healthy frequently consumed foods and
snacks are summarised in Table 5.
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Conclusions

There are a number of foods and food components for
which good evidence, from well-conducted RCT, indicates
an ability to significantly reduce LDL-cholesterol; typically
the reduction is 3—9% compared with baseline when a
single component is included in the diet. In the main, it
appears that the combined effect of individual components
is to some degree additive when used in simple combi-
nations, although determination of the extent of this
synergy is limited by the quality of some of the studies in
the literature. Nevertheless, evidence exists that suggests
that the introduction of two or more of these foods or
food components into the diet, at their target level of
intake and in a highly practical manner, can be achieved
and results in a reduction of LDL-cholesterol of 5-15%.
As a public health measure, simple dietary changes can
have a significant impact on cholesterol management in
those with mild hypercholesterolaemia.

Where a ‘portfolio diet’ is adopted the extent of the LDL-
cholesterol reduction is much greater and up to 30% in
short-term well-controlled studies where the foods are pro-
vided and 15% in community-based studies over periods
of 6 months or more. Compliance with dietary change
and, in particular, the challenge of multiple interventions
influence the degree of effectiveness of the regimen. Con-
sequently, careful consideration needs to be given to the
appropriate food or food components combination for an
individual in order to assist long-term compliance and
effectiveness of the intervention. Furthermore, improving
the fat quality of the diet by the introduction of unsaturated
fat can also enhance blood lipid changes by helping to
maintain or improve HDL-cholesterol concentrations. It is
suggested that the future focus of cholesterol-lowering
regimens needs to place emphasis not only on the effect
of food components on LDL-cholesterol, but also the role
they can play in improving fat quality.
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