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The effect of diet v. statins on LDL particle size as a risk factor for CVD has not been examined. We compared, in the same subjects, the impact of

a dietary portfolio of cholesterol-lowering foods and a statin on LDL size electrophoretic characteristics. Thirty-four hyperlipidaemic subjects

completed three 1-month treatments as outpatients in random order: a very-low saturated fat diet (control); the same diet with 20mg lovastatin;

a dietary portfolio high in plant sterols (1 g/4200 kJ), soya proteins (21·4 g/4200 kJ), soluble fibres (9·8 g/4200 kJ) and almonds (14 g/4200 kJ). LDL

electrophoretic characteristics were measured by non-denaturing polyacrylamide gradient gel electrophoresis of fasting plasma at 0, 2 and 4 weeks

of each treatment. The reductions in plasma LDL-cholesterol levels with the dietary portfolio and with statins were comparable and were largely

attributable to reductions in the estimated concentration of cholesterol within the smallest subclass of LDL (portfolio 20·69 (SE 0·10) mmol/l,

statin 20·99 (SE 0·10) mmol/l). These were significantly greater (P,0·01) than changes observed after the control diet (20·17 (SE 0·08)

mmol/l). Finally, baseline C-reactive protein levels were a significant predictor of the LDL size responsiveness to the dietary portfolio but not

to the other treatments. The dietary portfolio, like the statin treatment, had only minor effects on several features of the LDL size phenotype,

but the pronounced reduction in cholesterol levels within the small LDL fraction may provide additional cardiovascular benefit over the traditional

low-fat diet of National Cholesterol Education Program Step II.

Nutrition: Drugs: Lipids: Lipoproteins

LDL particles are heterogeneous in terms of size, density and
physical properties1 and it is now being increasingly recog-
nized that small dense LDL particles are associated with an
increased risk of CHD2 even in the presence of a relatively
normal LDL-cholesterol concentration3.

3-Hydroxy-3-methyl-glutaryl-coA reductase inhibitors (sta-
tins) have been shown to be effective in reducing CHD risk and
mortality4,5 and have been identified as the primary pharmaco-
logical tool in the treatment of elevated LDL-cholesterol concen-
tration6. While some studies have shown small but significant
benefits of statins onLDLparticle diameter7, LDL subclass distri-
bution8 and on the reduction of cholesterol within the smallest
LDL subfractions9–11, other studies have indicated that statins
had only marginal or even no effect on LDL particle size12,13.

Although the traditional dietary approach currently
recommended by the American Heart Association has been
relatively efficacious in decreasing total cholesterol and
LDL-cholesterol levels14, the magnitude of these benefits is

generally modest. For that reason, the National Cholesterol
Education Program Adult Treatment Panel III15 and the Amer-
ican Heart Association16 have recently recommended an
increased use of functional foods with more potent effects
on reducing cholesterol levels for optimal CHD risk reduction.
There is now evidence that a combination of four dietary com-
ponents, with relatively limited hypercholesterolaemic effects
when taken individually, may be as effective as first-gener-
ation statins in lowering LDL-cholesterol17. However, few
studies have examined the impact of these dietary components
taken individually on the LDL particle size phenotype18–27and
only one study has documented the combined effect of this
portfolio of cholesterol-lowering foods on the LDL size phe-
notype28. The purpose of the present study was to directly
compare the effect of a statin treatment with that of a combi-
nation of cholesterol-lowering food from vegetable sources
(dietary portfolio) on LDL size electrophoretic characteristics.
Previous studies have shown that the inflammatory state may
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influence the responsiveness to dietary changes29–31. As part
of the present study, we have also investigated the extent to
which the inflammatory status modulated the LDL size
responsiveness to the treatments.

Subjects and methods

Subjects

In the present analysis, LDL size phenotype was measured in
thirty-four hyperlipidaemic participants (twenty men and four-
teen postmenopausal women) who completed all three phases
of a previous study devised to directly compare the effect of
statin therapy and the combination of cholesterol-lowering
foods on plasma LDL-cholesterol levels and other cardiovascu-
lar risk factors17,32. Themean age of the subjects was 58 (SD 8·6)
years and BMI was 27·3 (SD 3·3) kg/m2. The participants’
characteristics at baseline are shown inTable 1. These character-
istics were similar between men and women except for age and
body weight. Men were significantly younger and heavier than
women (P¼0·013 andP¼0·001 respectively).Most participants
(twenty-nine out of thirty-four) were of European descent. Other
participants wereChinese (n 1), Indian (n 2), black (n 1) andHis-
panic (n 1)17. Briefly, participants were recruited from patients
attending the Risk Factor Modification Center, St Michael’s
Hospital, Toronto and from newspaper advertisements as pre-
viously described17. All participants had previously elevated
LDL-cholesterol concentrations (.4·1mmol/l). None of the
participants had a history of CVD, untreated hypertension
(blood pressure .140/90mm Hg), diabetes, renal or liver dis-
ease and none was taking medication known to influence
serum lipid concentrations, apart from three women who were
taking stable doses of thyroxine. One of these three women
was also receiving oestrogen replacement therapy. The present
study was approved by the Ethics Committees of the University
of Toronto and St Michael’s Hospital and written informed
consent was obtained from all participants.

Study protocol

The present study was performed as a randomized crossover
design and participants completed all 1-month treatments.
Subjects were randomly assigned to start with either a very-
low-saturated fat dairy and wholewheat cereal diet (control),

this same diet with a statin (statin diet) or a very-low-saturated
fat diet containing viscous fibres, plant sterols, soya foods and
almonds (dietary portfolio). All foods were provided except
for fresh fruit and vegetables. Blood samples were obtained
after 12-h overnight fasts at 2-week intervals and fasting
body weights were measured weekly. Weighed diet histories
(7 d) were obtained for the week before the 1-month treatment
period.

Diets

The diets eaten by participants 4 weeks prior to beginning the
study and during the 2–6 week washout periods between
treatments were their routine therapeutic low-fat diets, which
followed the National Cholesterol Education Program Step 2
guidelines (#7% energy from saturated fat and ,200mg
dietary cholesterol)15. The subjects were asked to weigh all
food items consumed during the study period and during the
week before treatments as previously described17.

The dietary portfolio has already been described17. Plant
sterol esters incorporated in margarine provided 1·0 g plant
sterols/4200 kJ. Soluble fibres (approximately 10 g/4200 kJ
diet) came from oats (4·24 g), barley (1·36 g) and psyllium
(4·15 g). Vegetable sources of soluble fibres were also
included with emphasis on okra (0·39 g) and aubergine
(0·24 g). Soya proteins were provided (21·4 g/4200 kJ) with
soya milk, tofu and soya meat substitute together with 14 g
whole almonds/4200 kJ.

The control diet contained skimmed milk, fat-free cheese
and yoghurt, egg substitute and liquid egg white to achieve
low intakes of saturated fat. This diet provided high intakes
of fibre from wholewheat breakfast cereals (2·0 g total dietary
fibre/4200 kJ), bread (2·5 g total dietary fibre/4200 kJ) and
wheat bran added to muffins containing a high amount of
dairy protein (7·25 g total dietary fibre/4200 kJ diet). To bal-
ance the fatty acid profile of the dietary portfolio, MUFA
were also incorporated into the control diet (e.g. muffins)
with sunflower oil (9 g/4200 kJ) and safflower oil (5 g/
4200 kJ). Table 2 shows the macronutrient profiles of the
weight-maintaining diets as documented at week 4 of each
treatment. Diets were analysed using a program based on
US Department of Agriculture data33.

Lovastatin (20mg) and placebo capsules containing lactose,
with one capsule to be taken in the evening for 28 d, were dis-
pensed by the hospital pharmacy in identical containers
according to the randomization determined by the statistician.

Analyses

Data on plasma lipids and C-reactive protein (CRP) levels in the
present study have already been reported17,32. LDL electrophor-
etic characteristics were obtained by non-denaturing polyacryl-
amide gradient (2–16%) gel electrophoresis from serum stored
at2708C as described previously3. The estimated diameter for
the major peak in each scan was identified as the LDL- peak par-
ticle diameter (PPD). An integrated (or mean) LDL diameter
was also computed3. Analysis of pooled plasma standards
revealed that measurements of LDL-PPD and LDL integrated
particle size were highly reproducible, with inter-assay CV
,1%. The relative proportion of LDL having a diameter
,25·5 nm (LDL %,25·5 nm) was ascertained by computing the

Table 1. Characteristics of study participants at baseline*‡

(Mean values and standard deviations for thirty-four subjects)

Characteristics Mean SD

Age (years) 58 9
Body weight (kg) 76·4 12·8
BMI (kg/m2) 27·3 3·4
Blood pressure (mm Hg)

Systolic 121 12
Diastolic 77 7

Plasma cholesterol† (mmol/l)
Total 6·65 0·93
LDL 4·42 0·79
HDL 1·20 0·29

Plasma TAG† (mmol/l) 2·26 1·04

* Adapted from Jenkins et al.17.
† To convert cholesterol and TAG to mg/dl, multiply by 38·67 and 88·57 respectively.
‡ For details of subjects and procedures, see Subjects and methods.
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relative area of the densitometric scan ,25·5 nm. The absolute
concentration of cholesterol in the LDL subfractionwith a diam-
eter,25·5 nm (LDL-cholesterol,25·5 nm) was estimated bymul-
tiplying the total plasma LDL-cholesterol levels by the relative
proportion of LDL with a diameter,25·5 nm as described pre-
viously3. A similar approach was used to estimate the relative
and absolute concentration of cholesterol in the LDL subfrac-
tion with a diameter .26·0 nm (LDL %.26·0 nm and LDL-
cholesterol.26·0 nm respectively). The CV for the measurements
of LDL %,25·5 nm and LDL %.26·0 nm were 12·0 and 9·3%
respectively.

Statistical analysis

All data are expressed as means and standard deviations unless
stated otherwise. The significance of the differences between
baseline periods (week 0) and treatment periods with different
diets (week 4) were assessed by the least square mean test for
repeated measures with the Tukey multi-comparison adjust-
ment using the PROC MIXED procedure (version 8.1; SAS
Institute Inc., Cary, NC, USA). Introduction of appropriate
interaction terms in this analytical procedure showed that
there was no interaction between sex and treatment. Associ-
ation between diet-induced changes (week 4 v. 0) in metabolic
variables and changes in the various LDL electrophoretic
characteristics were tested with Spearman rank correlation
analysis. Differences in nutritional profiles between treatments
were investigated using paired comparisons and least-square-
mean procedure with Tukey’s adjustment after establishment
of a significant F test by ANOVA. For analyses based on
CRP subgroups, LDL-cholesterol,25·5 nm values of subjects
with CRP levels .10mg/l at any time point were excluded
from analysis. Statistical significance was defined as P,0·05.

Results

As reported previously, compliance to the dietary regimens
was good, with a mean value of 93% of all calories provided
recorded as consumed17. There was no significant difference

in participants’ body weight at week 4 of each treatment (con-
trol diet 75·9 (SD 2·2) kg; statin treatment 76·2 (SD 2·2) kg;
dietary portfolio 76·4 (SD 2·3) kg).

Blood lipids

As indicated in a previous report17, significant reductions in
blood lipids were seen during the treatment periods
(Table 3), including reductions from baseline in LDL-choles-
terol levels of 28·5 (SD 1·9) %, 233·3 (SD 1·9) % and 229·6
(SD 1·3) % with the control diet, the statin treatment and the
dietary portfolio, respectively.

LDL size phenotype

None of the three treatments had a significant effect on LDL-
PPD or LDL integrated size (Table 3). Also, as shown in
Table 3, there was no significant change in the relative pro-
portion of LDL subclasses after any treatments. Change in
plasma TAG concentrations were correlated with variation
in LDL-PPD within the statin and control phases (r 20·39,
P¼0·02; r 20·61, P,0·001) but not within the dietary
portfolio period (r 20·06, P¼0·76). However, as shown in
Fig. 1, the dietary portfolio and the statin treatment signifi-
cantly reduced the estimated cholesterol concentrations in
the small as well as in the large LDL subclasses,
LDL-cholesterol,25·5 nm showing the greatest reduction. The
reduction in LDL-cholesterol,25·5 nm levels after the dietary
portfolio (20·69 (SE 0·10) mmol/l) and the statin treatment
(20·99 (SE 0·10) mmol/l) were significantly greater than
after the control diet (20·17 (SE 0·08) mmol/l). However,
changes in LDL-cholesterol,25·5 nm levels were not signifi-
cantly different between the dietary portfolio and the statin
treatment. The reduction in LDL-cholesterol.26.0 nm levels
were not different between all three treatments. When post-
treatment values were tested rather than change from baseline,
similar results were obtained. Subgroup analysis using the
median distribution of LDL-PPD (25·25 nm) indicated that
the reduction in LDL-cholesterol,25·5 nm levels after 4 weeks

Table 2. Nutritional profile of the control, statin and portfolio diets provided to the hyperlipidaemic subjects and
recorded as eaten at week 4 of each intervention*†

(Mean values and standard deviations for thirty-four subjects for each diet group)

Control diet Statin diet Dietary portfolio

Mean SD Mean SD Mean SD

Energy (kJ/d) 9811 2120 9761 2240 9899 2320
Total protein (% energy) 22·1 1·2 22·3 1·2 21·9 1·7
Vegetable protein (% energy) 4·3a 0·6 4·5a 1·2 21·6b 1·7
Available carbohydrate (% energy) 52·6a 2·3 52·1a 2·9 48·7b 3·5
Total dietary fibre (g/4·2 MJ) 23·1a 2·3 23·2a 2·9 32·8b 2·9
Total fat (% energy) 24·9a 1·7 25·1a 1·7 29·2b 2·9
SFA (% energy) 4·6a 0·6 4·7a 0·6 6·3b 0·6
MUFA (% energy) 10·3a 1·2 10·2a 1·2 12·1b 2·3
PUFA (% energy) 8·8a 1·2 9·1a 0·6 10·0b 1·2
Dietary cholesterol (mg/4·2 MJ) 12·2a 2·9 14·4a 7·0 24·0b 6·4
Alcohol (% energy) 0·1 0·6 0·3 0·6 0·1 0·6

* Adapted from Jenkins et al.17.
† For details of subjects and procedures, see Subjects and methods.
a,b Mean values within the same row with different superscript letters are significantly different; P,0·05 (paired comparison by

least-squares-means procedure with Tukey’s adjustment after establishment of a significant F test by ANOVA).
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Table 3. Effect of control diet, dietary portfolio and statin treatment on plasma lipids*, C-reactive proteins† and LDL electrophoretic characteristics of hyperlipidaemic subjectsk

(Mean values with their standard errors for thirty-four subjects)

Variables
Control diet Dietary portfolio Statin treatment

Week 0 Week 4 Week 0 Week 4 Week 0 Week 4

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM P for interaction§

Total cholesterol (mmol/l)‡ 6·79 0·16 6·23 0·15a 6·76 0·15 5·25 0·12b 6·84 0·15 4·97 0·17b ,0·001
LDL-cholesterol (mmol/l) 4·56 0·14 4·13 0·13a 4·51 0·12 3·17 0·09b 4·49 0·12 2·91 0·10b ,0·001
HDL-cholesterol (mmol/l) 1·24 0·05 1·11 0·04 1·23 0·05 1·15 0·05 1·24 0·06 1·17 0·06 0·16
TAG (mmol/l) 2·17 0·16 2·18 0·16 2·24 0·18 2·04 0·18 2·45 0·19 1·96 0·18 0·001**
Apo B (g/l)‡ 1·45 0·04 1·34 0·03a 1·43 0·04 1·09 0·03b 1·46 0·03 1·02 0·04b ,0·001
C-reactive protein (mg/l) 1·94 0·30 1·76 0·28 2·28 0·48 1·97 0·55 2·61 0·45 2·84 1·30 0·19
LDL particle size phenotype

LDL-peak particle diameter (Å) 253·0 0·4 252·8 0·4 253·0 0·4 253·0 0·4 252·7 0·5 253·0 0·5 0·42
LDL-integrated size (Å) 254·0 0·4 253·8 0·4 253·6 0·3 253·8 0·4 253·5 0·4 254·0 0·4 0·24
LDL.26·0 nm (%) 21·8 1·4 20·7 1·3 21·1 1·2 20·5 1·3 19·6 1·5 20·4 1·3 0·65
LDL25·5–26·0 nm (%) 24·4 0·9 23·5 0·9 24·3 1·1 23·3 1·0 23·2 1·0 25·7 2·1 0·10
LDL,25·5 nm (%) 53·8 2·1 55·7 2·1 54·6 2·2 56·1 2·0 57·2 2·1 54·0 2·7 0·11
LDL-cholesterol25·5–26·0 nm (mmol/l)‡ 1·11 0·05 0·97 0·05a 1·10 0·06 0·74 0·03b 1·05 0·06 0·76 0·07b 0·001

* Adapted from Jenkins et al.17.
† Adapted from Jenkins et al.32.
‡ The main effect of the diet was significant (P,0·05).
§ Interaction between treatment and time.
kFor details of subjects and procedures, see Subjects and methods.
a,b,c Mean values for a given time point with different superscript letters are significantly different; P,0·05 (assessed by the least square mean test with the Tukey multi-comparison adjustment using the PROC MIXED procedure).
**For TAG only week 2 showed significant time differences between treatment. They are not shown in this table.
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of treatment on the dietary portfolio was 2-fold greater in the
group with LDL-PPD below the median at baseline than in the
group with LDL-PPD above the median (21·06 (SE 0·16) v.
20·42 (SE 0·13) mmol/l, P¼0·01) (data not shown). As
indicated in Subjects and methods, there was no significant
interaction between sex and treatment effects.

Particle size change and C-reactive protein

Additional subgroup analyses were also undertaken to assess
the impact of the pro-inflammatory status at baseline on the
responsiveness to treatment. Subjects were categorized into
three subgroups on the basis of their plasma CRP levels at
baseline for each treatment, which were defined as low
(,1mg/l), moderate (1 2 3mg/l) or high (.3mg/l)34. As
shown in Fig. 2, on the dietary portfolio, subjects with
plasma CRP levels ,3mg/l at baseline showed significant
reduction in LDL-cholesterol,25·5 nm concentrations after 4
weeks, while there was no significant change in the group
with plasma CRP levels .3mg/l (20·27 (SE 0·20) mg/l).
Similar results were obtained when subjects were categorized
into two groups (CRP . or ,3mg/l) rather than three groups
(data not shown). The impact of the statin treatment and the
control diet on LDL-cholesterol,25·5 nm was virtually unaltered
by plasma CRP level at baseline.

Discussion

The significant reduction in LDL-cholesterol concentrations
with the combination diet containing phytosterols, soluble
fibres, soya proteins and almonds has been previously
described in this same sample of subjects17. The objective
of the present study was to directly compare the effect of
this dietary portfolio with the effect of statin treatment on
other atherogenic characteristics of LDL particles, specifically
LDL-PPD and the estimated cholesterol levels among the var-
ious LDL subclasses. Our data indicated that the dietary port-
folio, like the statin treatment, despite having virtually no
impact on the predominant LDL subfraction in these subjects,
led to a preferential reduction in the estimated cholesterol
concentration among the small LDL particles. Results
from the Quebec Cardiovascular Study have indicated that
LDL-cholesterol,25·5 nm concentrations were strongly and inde-
pendently associated with an increased risk of CHD in a cohort
of more than 2000 men followed for 13 years3. Based on the
Quebec Cardiovascular study data, the 0·69mmol/l reduction
in estimated cholesterol levels within the small LDL subfraction
attributable to the dietary portfolio would translate into a clini-
cally meaningful 19% reduction in the 13-year risk of CHD.
The present data also suggested that baseline inflammatory
status may partly influence the responsiveness of the LDL size
phenotype to the dietary portfolio.

Fig. 1. Change from baseline in plasma cholesterol concentration of (A) the small LDL subfraction (LDL-cholesterol (LDL-C) ,25·5 nm); (B) the large LDL subfraction

(LDL-cholesterol .26·0 nm) in hyperlipidaemic subjects during the control diet (†; n 34), dietary portfolio (O; n 32) and statin treatment (B; n 34). Values are means

with their standard errors. Mean values at any given point in time with unlike letters are statistically different; P,0·001. For details of subjects and procedures,

see Subjects and methods.

Fig. 2. Change from baseline in plasma cholesterol concentration among the small LDL particles (LDL-cholesterol (LDL-C) ,25·5 nm) according to baseline plasma

C-reactive protein (CRP) levels (,1 mg/l (†), 1–3 mg/l (B), .3 mg/l (O)) in hyperlipidaemic subjects after the dietary portfolio (A), statin treatment (B) or the con-

trol diet (C) The interaction of group of CRP by time was tested using absolute values. Values are means with their standard errors. Mean values are significantly

different from baseline; *P,0·05. For details of subjects and procedures, see Subjects and methods.
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In a previous report, we have shown that the dietary port-
folio was associated with a reduction in the proportion of
larger LDL particles and an increase in the proportion of
small particles with a corresponding diminution in the LDL
integrated size28. There was also a significant reduction in
LDL-cholesterol,25·5 nm levels28. In the present study, subjects
had higher plasma TAG levels at baseline than participants in
our previous report. Because plasma TAG levels have been
shown to modulate LDL size phenotype, differences in
plasma TAG levels may partly explain the inconsistencies
noted between these two studies.
Only limited data existed on the individual impact of

components on the dietary portfolio and the LDL particle
size phenotype. To our knowledge, four studies have investi-
gated the impact of phytosterols on LDL particle size pheno-
type. Consumption of phytosterol and stanol in various forms
has generally been associated with no change in features of the
LDL size phenotype19,20,23but a recent study has shown a sig-
nificant reduction in estimated cholesterol levels in all LDL
particle subclasses with the consumption of 1·8 g phytosterols
daily26. Based on these inconsistent results, we hypothesize
that phytosterols may exert only limited effects on LDL size.
To the best of our knowledge, three studies have examined

the impact of soya bean proteins on LDL particle phenotype.
Two studies conducted in normocholesterolaemic and mildly
hypercholesterolaemic women consuming their habitual diets
reported that supplementation with isolated soya protein
powder (low or high in isoflavones) had no impact on LDL-
PPD24,25. We have shown in a more recent controlled study
that consumption of soya protein produced an important redis-
tribution of LDL from small to larger particles and a signifi-
cant reduction in the proportion of LDL with a diameter
,25·5 nm (LDL %,25·5 nm)

22.
Two studies have examined the effect of soluble fibres on

the LDL size phenotype. The first study found that consump-
tion of high-fibre oat cereals lowered cholesterol concentration
among the small LDL subclass while wheat cereals increased
cholesterol among this LDL subclass21. Another study con-
ducted in hypercholesterolaemic subjects has shown that con-
sumption of diets containing barley significantly reduced
LDL-cholesterol.26·0 nm compared with a Step 1 diet of the
American Heart Association, but had no significant effect on
LDL-cholesterol,25·5 nm

27.
The impact of almonds on LDL particle size has not been

clearly established. One study has compared the impact of a
usual diet with or without walnut and a low-fat diet with or
without walnut on LDL size characteristics18. Results of this
study indicated that there was a decrease in the cholesterol
concentration of the small LDL subfraction on the usual diet
with walnut compared with the usual diet solely.
The literature on the different components of the dietary

portfolio suggests that each component has either beneficial
effects or simply no impact on LDL size phenotype. The phy-
tosterol component of the dietary portfolio tends to have a
very minor impact on the LDL size phenotype. However,
soya protein, soluble fibres and nuts are most likely respon-
sible for the beneficial change in the estimated cholesterol
levels in small LDL particles seen with the dietary portfolio.
Statins are effective LDL-cholesterol lowering agents6.

In the present study, 20mg lovastatin daily produced
no change in LDL-PPD or LDL integrated size. However,

lovastatin produced a significant reduction in estimated
cholesterol levels among all LDL particle subclasses. Tilly-
Kiesi et al. have shown that lovastatin treatment for 12
weeks at a starting dose of 40mg produced no mean change
in LDL distribution 13. Several other studies have examined
the effects of statins on LDL size phenotype, but few have
tested lovastatin. A majority of studies have shown that the
principal benefit from statin treatment (principally atorvastatin
and fluvastatin) on LDL size phenotype was reduction in
cholesterol within the denser LDL particles fraction9–11, as
seen in the present study. The dietary portfolio and the
statin treatment had a comparable impact on LDL-
cholesterol,25·5 nm.

Data from the present study are consistent with previous
observations from our group in showing that subjects with
smaller LDL-PPD at baseline (LDL-PPD ,25·25 nm) had a
greater reduction in estimated cholesterol levels within the
small LDL subfraction with the portfolio treatment28. This
was also seen with the statin treatment (data not shown).

There is an increasing body of evidence indicating that the
inflammatory status at baseline may predict the response to
dietary changes. In the present study, additional subgroup
analysis revealed that baseline CRP levels modulated the
LDL-cholesterol,25·5 nm response to the dietary portfolio. Sub-
jects with low or moderate baseline CRP levels (,3·0mg/l)
showed significantly greater reduction in LDL-
cholesterol,25·5 nm levels after the dietary portfolio than sub-
jects with high baseline CRP levels (.3·0mg/l). Hilpert
et al.31 have recently shown that subjects with low CRP exhib-
ited significant reductions in LDL-cholesterol levels with a
low-fat diet, whereas subjects with high CRP showed
increased LDL-cholesterol concentrations. Subanalyses of
the DASH diet study also indicated that LDL-cholesterol
levels were significantly reduced only in subjects with base-
line CRP below the median (,2·37mg/l)30. Furthermore, we
have recently shown that plasma total and VLDL-TAG
levels were significantly increased in subjects with high base-
line CRP levels after a low-fat diet, but remained unchanged
in the subgroup with low CRP concentration at baseline29.
Taken together, these results suggest that baseline CRP
level, a non-specific marker of low-grade inflammation,
might predict individual variation in the response to dietary
changes including change in the LDL size phenotype in
response to the dietary portfolio. Mechanisms inherent to
this phenomenon remain theoretical. It has been suggested
that a pro-inflammatory state may be associated with an
increased psychological or environmental stress35. We have
also hypothesized that major dietary modifications within a
rigorously controlled study may be perceived as further phys-
iological stress in subjects who already have elevated CRP
levels at baseline and this may partly explain why these indi-
viduals display an attenuated or even an undesirable response
to dietary interventions29. Whether a high baseline CRP also
identifies a group in need of statin therapy, i.e. those who
would not benefit from diet in terms of small dense particle
reduction, will have to be determined by further studies.

In conclusion, the present study has shown that a portfolio of
cholesterol-lowering foods from vegetable sources, like several
first and second generation statins, has only a minor impact on
several features of the small dense LDL phenotype. However,
the preferential reduction in the estimated concentration of

I. Gigleux et al.1234

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114507781461  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114507781461


cholesterol within the smallest subclass of LDL particles after
the dietary portfolio, compared with the low-fat National
Cholesterol Education Program Step II diet, is likely to confer
additional cardiovascular benefits. Our findings also provide
further support to the thesis that baseline inflammatory status
may partly influence the responsiveness of lipid risk factors to
dietary manipulations. Additional research is required to test
the long-term effect of the dietary portfolio on plasma lipids
and LDL size phenotype.
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