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The objective of the present study was to evaluate the effect of a nutritional intervention promoting the Mediterranean food pattern in
free-living conditions on LDL electrophoretic characteristics in a group of seventy-one healthy women, aged between 30 and 65 years.
The 12-week nutritional intervention consisted of two courses on nutrition and seven individual sessions with a dietitian. The first
course provided information on the Mediterranean food pattern and the second was a cooking lesson. LDL peak particle diameter
(LDL-PPD) and cholesterol levels in small (LDL-cholesterol,255 Å) and large LDL fractions (LDL-cholesterol.260 Å) were obtained by
2–16 % polyacrylamide gel electrophoresis of whole plasma. The sample was divided on the basis of baseline LDL-PPD using tertiles
of the distribution (258·4 Å and 260·0 Å). Among the total sample of women, no significant change in LDL-PPD was observed in response
to the nutritional intervention. However, subjects who at baseline were in the first tertile of the LDL-PPD distribution (,258·4 Å) showed
a significant increase in LDL-PPD and in the proportion of LDL %.260 Å in response to the 12-week nutritional intervention (P,0·05). In
contrast, LDL-PPD decreased significantly (P¼0·007) among women with large LDL particles at baseline (LDL-PPD .260 Å) while the
proportion of LDL %,255 Å and of LDL %.260 Å remained unchanged. To conclude, changes in the food pattern, in response to a nutri-
tional intervention promoting the Mediterranean food pattern, were accompanied by beneficial modifications in LDL electrophoretic
characteristics in women who were characterised at baseline by smaller LDL particles.

Mediterranean diet: Low-density lipoprotein peak particle diameter: Plasma lipids: Nutritional intervention

Interest in the Mediterranean food pattern can be partly
explained by its effects on mortality and incidence of
CHD. In fact, results of the Seven Countries Study which
have demonstrated that the mortality rate from CHD was
two- to three-fold lower in Southern Europe than in North-
ern Europe or in the USA have clearly contributed to the
increased interest in the Mediterranean food pattern
(Keys et al. 1986). In addition, more recent studies in
men with coronary artery disease have indicated that the
Mediterranean diet decreases the recurrence of CHD
events by more than 50 % compared with the usual prudent
Western diet (de Lorgeril et al. 1994, 1999; Renaud et al.
1995). The recurrence of coronary events in the latter study
was not associated with any modifications in the basic
plasma lipid profile such as total cholesterol, LDL-choles-
terol (LDL-C), and HDL-cholesterol (HDL-C)
concentrations.

It is well known that many individuals with an appar-
ently adequate plasma lipid profile, as determined by
their LDL-C concentrations, develop CHD. Examination

of plasma lipid characteristics not traditionally measured,
for example LDL peak particle diameter (LDL-PPD) and
LDL particles distribution, may provide important infor-
mation that may contribute to a more refined prediction
of CHD risk. Small, dense LDL particles appear to be
more atherogenic than larger, less dense LDL particles
(Austin et al. 1988). It has been shown recently that
LDL-PPD did not appear as the most potent predictor of
coronary artery disease risk associated with the small
dense LDL phenotype in men of the Québec Cardiovascu-
lar Study. In contrast, an increased concentration of
cholesterol in the LDL fraction with a diameter ,255 Å
(LDL-C,255 Å) was associated with a four-fold elevation
in CHD risk, independently of other lipid risk factors
such as LDL-C, HDL-C, triacylglycerols (TG), lipoprotein
(a) concentrations and LDL-PPD (St-Pierre et al. 2001).

Only limited data exist so far on the relationship
between dietary factors and LDL size phenotype. It has
been demonstrated that unsaturated fatty acids similarly
reduce LDL particle size (Kratz et al. 2002), as do trans
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fatty acids (Mauger et al. 2003), while saturated fatty acids
(SFA) increase LDL-PPD (Dreon et al. 1998). In contrast,
some studies conducted in healthy men and women
observed that neither type of dietary fat affected LDL
size (Pedersen et al. 2000; Rivellese et al. 2003) but that
a high-SFA diet was associated with higher LDL-C and
TG concentrations (Rivellese et al. 2003). Moreover, it
has been demonstrated that n-3 PUFA supplementation
increases LDL-PPD in men and women (Tinker et al.
1999; Mori et al. 2000). A significant reduction in the
mass of medium and small LDL size subfractions has
been observed in healthy men characterised by smaller
LDL particles compared with those with larger LDL par-
ticles when changing from a high-fat to a low-fat diet
(Krauss & Dreon, 1995). These results indicate that indi-
viduals with small, dense LDL particles may benefit
more from dietary modifications than individuals present-
ing larger particles. However, Archer et al. (2003)
showed in a well-controlled nutritional intervention con-
ducted under ad libitum conditions that a high-carbo-
hydrate diet or a high-MUFA diet, when associated with
weight loss, have no deleterious effect on LDL electro-
phoretic characteristics in healthy men.

Our objective was to study the impact of a nutritional
intervention promoting the Mediterranean food pattern in
free-living conditions on LDL-PPD, an issue that has yet
to be documented. In order to reach this objective, a
group of seventy-one healthy women from the Québec
City metropolitan area, aged between 30 and 65 years,
and examined at 0, 6 and 12 weeks of a nutritional inter-
vention were studied.

Subjects and methods

Seventy-seven women from the Québec City metropolitan
area were recruited through the Laval University newspaper
during the summer of 2001. Women included in the study
were aged between 30 and 65 years. To be eligible,
women had to be free from metabolic disorders requiring
treatment, to have a stable body weight for at least
3 months before the start of the study and to be in charge
of food purchases and meal preparation most of the time.
Only women with a diet concordant with the usual Canadian
food pattern were included in the study. One hundred and
twenty-six women were invited to a screening visit for an
evaluation of their food habits. Among this initial group
of women, ninety-four were found to be eligible according
to the inclusion criteria. Seventy-seven women signed the
informed consent form, which had been approved by
ethics committees of Laval University. Three women left
the study for personal reasons. Three other participants
did not complete all 3 d food records or the food-frequency
questionnaires (FFQ); therefore, seventy-one women were
included in the analyses.

Intervention

The methodology of the nutritional intervention has been
described previously (Goulet et al. 2003). Briefly, the
study was conducted in two phases. Each phase was con-
ducted using a similar 12-week intervention design. The

first phase started in August 2001 and the second began
in January 2002. The intervention included two group ses-
sions with eight participants per group. During the first
group session the registered dietitian explained the major
principles of the Mediterranean diet and the health benefits
associated with this food pattern. At 4 weeks after the
beginning of the intervention, the subjects were invited to
a Mediterranean cooking lesson during which they had to
produce a complete meal. Individual sessions took place
during the first, the sixth and twelfth weeks of the interven-
tion in order to evaluate the dietary changes and to select
further objectives for increasing the adherence to the Med-
iterranean food pattern. During individual sessions, the
registered dietitian used FFQ and the Mediterranean food
pyramid to identify specific objectives for each participant
and to promote and personalise dietary changes to be
undertaken. Unannounced qualitative 24 h recalls were per-
formed by telephone at weeks 2, 4, 8 and 10. The objective
of these recalls was to provide support and to reinforce the
key principles of the Mediterranean diet. Three registered
dietitians were trained to provide a standardised
intervention.

3 d Food record

Each participant completed a 3 d food record, on two
weekdays and one weekend day, at weeks 0, 6 and 12.
At the screening of the nutritional intervention (week 0),
a dietitian provided 15 min of instruction to each partici-
pant on how to complete the food records. Copies of
record examples were also provided to each subject. In
addition, the participants were encouraged to consume
the usual amount of typical foods and drinks. Participants
were not required to weigh foods but were asked to
measure the volume of the foods consumed with household
measurements (cups, tablespoons) or to indicate the weight
of commercial products when it was possible to assess por-
tion sizes. The food record included a section for recording
information recipes. After completing the food record, the
participants met with the dietitian to review all the infor-
mation for accuracy and completeness and the dietitian
used an example of portion size if the portion needed to
be more clearly determined.

Mediterranean dietary score

An administered FFQ was completed at screening (time 0)
and then at weeks 6 and 12 of the nutritional intervention.
The FFQ was previously described by Goulet et al. (2003).
Briefly, the FFQ was administered by a registered dietitian
and is based on typical foods available in Québec. It con-
tains ninety-one items and thirty-three subquestions. Par-
ticipants were questioned about their frequency of intake
for different foods during the last month and were asked
to report the frequency of these intakes in terms of day,
week or month. The diet of the women eligible for the pre-
sent study had to be typical of the Canadian diet. Accord-
ingly, a partial score varying from 0 to 4 was attributed to
each of the eleven components of the pyramid. Com-
ponents of the Mediterranean pyramid are: grains; fruits;
vegetables; legumes, nuts and seeds; olive oil; dairy
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products; fish; poultry; eggs; sweets; red meat and pro-
cessed meat. The total dietary score could therefore vary
between 0 and 44 points (Goulet et al. 2003). Eligible
women were those with a score at screening that was
below an arbitrary value of 27.

Anthropometry

At weeks 0, 6 and 12, body weight, waist circumference
and height were measured according to the procedures re-
commended at the Airlie conference on the standardisation
of anthropometric measurements (Lohman et al. 1988) and
BMI was calculated.

Plasma lipid and lipoprotein profile

Blood samples were collected at weeks 0, 6 and 12 from an
antecubital vein into vacutainer tubes containing EDTA
after a 12 h overnight fast for the measurements of
plasma lipid and lipoprotein concentrations. Total plasma
cholesterol and TG levels were determined by enzymatic
methods by using the Technicon RA-500 analyzer (Bayer
Corp Inc., Tarrytown, NY, USA), as previously described
(Moorjani et al. 1986). HDL-C levels were also obtained
using an autoanalyser after precipitation of VLDL and
LDL in the infranatant fraction with heparin and MnCl2
(Burstein & Samaille, 1960). Apo B was measured by
nephelometry (BN ProSpec; Dade Behring Inc., Newark,
NJ, USA) with reagents provided by this company (N anti-
sera to human apo B). LDL-C was obtained by the
equation of Friedewald et al. (1972). All participants had
plasma TG levels below 4·5 mmol/l.

Low-density lipoprotein particle size characterisation

LDL-PPD and the levels of cholesterol in the small (LDL-
C,255 Å) and large LDL (LDL-C.260 Å) subfractions were
obtained by non-denaturing 2–16 % polyacrylamide gel
electrophoresis of whole plasma as previously described
by St-Pierre et al. (2001). LDL size was computed from
the relative migration of four plasma standards of known
diameter (Tchernof et al. 1996). The estimated diameter
for the major peak in each scan was identified as the
LDL-PPD. A mean LDL particle size was also computed
by using a modification of the approach described by
Tchernof et al. (1996). This integrated LDL particle size
corresponded to the weighted mean size of all LDL sub-
classes in one individual. The relative proportion of LDL
with a diameter ,255 Å (LDL %,255 Å) was obtained by
computing the relative area of the densitometric scan
,255 Å. The absolute concentration of cholesterol in the
LDL subfraction with a diameter ,255 Å (LDL-C,255 Å)
was estimated by multiplying the total plasma LDL-C con-
centrations by the relative proportion of LDL with a diam-
eter ,255 Å as described previously (St-Pierre et al.
2001). A similar approach was used to assess the relative
and absolute concentrations of cholesterol in particles
with a diameter .260 Å (LDL %.260 Å and LDL-
C.260 Å, respectively). Therefore, it has to be emphasised
that values of LDL-C,255 Å and LDL-C.260 Å are not

direct measurements of cholesterol concentrations in
these LDL subfractions.

Nutritional analysis

The evaluation of nutrient intakes derived from the food
records was performed using the Nutrition Data System
for Research software (version 4.03; Nutrition Coordi-
nation Center, University of Minnesota, Minneapolis,
MN, USA) and Food and Nutrient Database 31, released
in November 2000 (Schakel et al. 1988). This database
includes more than 16 000 food items for which the com-
plete nutritional value of 112 nutrients is included. Intakes
from vitamin and mineral supplements were not included
in the present analysis, which focused on dietary nutrients
only.

Statistical analysis

Data collected at the beginning (week 0) and after 6 and 12
weeks of the intervention were compared using ANOVA
for repeated measures to identify time effects. In the pre-
sence of significant time effects, contrast analyses were
used to determine precisely the location of the significant
differences. Since the intervention was conducted over
two phases, terms reflecting the potential phase-effect
were systematically entered in each model to account for
potential interaction with the treatment effect. Spearman
correlations were computed to quantify associations
among parametric and non-parametric variables. Partial
Spearman correlations were performed between changes
in LDL electrophoretic characteristics and changes in diet-
ary score to partial out the effect of anthropometric
changes. TG concentrations were not normally distributed
and analyses were performed on log-transformed values.
The dietary variables were log-transformed when necessary
to obtain a normal distribution.

Additional analyses were undertaken to determine
whether the lipid and lipoprotein response to the interven-
tion might be modulated by baseline LDL size phenotype.
In these analyses, participants were divided on the basis of
baseline LDL-PPD using tertiles of the distribution
(258·4 Å and 260·0 Å). The intervention effect within
each subgroup as well as the interaction between time
and baseline characteristics were calculated by ANOVA.
In the presence of significant effects, contrast analyses
were performed. All analyses were performed with the
SAS statistical package (version 8.02; SAS Institute, Inc.,
Cary, NC, USA).

Results

Anthropometric and metabolic profiles of the study partici-
pants are presented in Table 1. At 6 weeks after the begin-
ning of the nutritional intervention, total cholesterol, apo
B and BMI decreased slightly but significantly (P,0·01).
Also, decreases in apo B and BMI remained statistically sig-
nificant at week 12 but the decrease in plasma total choles-
terol did not. Moreover, after 12 weeks of intervention waist
circumference was statistically lower than the value
measured at baseline (P,0·0001). LDL-C, HDL-C and
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TG were not affected significantly by the nutritional inter-
vention. Furthermore, among the total sample of women,
no significant changes in LDL-PPD, LDL integrated size,
and in the LDL-C distribution among subclasses were
observed in response to the nutritional intervention.

As shown in Table 2, the Mediterranean score increased
significantly after 12 weeks of nutritional intervention
(21·1 (SD 3·6) to 29·0 (SD 4·4)). Also, as shown in Fig. 1,
12 weeks after the beginning of the intervention, an
increase in the consumption of olive oil, fruits, vegetables,

legumes, nuts and seeds, poultry and fish was observed and
was reflected by a significant increase of the individual
score for these components of the Mediterranean pyramid
(P,0·01). In addition, a decrease in the consumption of
red meat and processed meat and also sweets was
observed; this was reflected by significant increases
(P,0·0001) in the individual scores for these components
of the Mediterranean pyramid.

Table 2 shows the effect of the nutritional intervention
on dietary variables as measured by the 3 d food record.

Table 2. Mediterranean score and daily intake of energy and selected nutrients at weeks 0 and 12
of the nutritional intervention (n 71)†

(Mean values and standard deviations)

Week 0 Week 12

Mean SD Mean SD

Mediterranean dietary score (arbitrary units) 21·1 3·6 29·0*** 4·4
Energy (kJ) 8590 2188 7888** 1793
Proteins (%) 16·4 2·5 17·7** 2·9
Lipids (%) 33·6 6·3 32·4 6·2

SFA (%) 11·2 2·8 9·9** 2·7
MUFA (%) 14·2 3·2 14·2 3·6
PUFA (%) 5·6 1·6 5·8 1·4
Cholesterol‡ (mg) 280·1 139·8 225·9** 90·4
EPA (g) 0·06 0·07 0·12** 0·13
DHA (g) 0·17 0·23 0·27* 0·36
MUFA : SFA ratio 1·32 0·36 1·52** 0·48

Carbohydrates (%) 48·8 6·9 49·8 6·9
Total dietary fibres (g) 21·9 6·4 25·1** 7·7

Soluble fibres (g) 7·3 2·0 8·2** 2·4
Insoluble fibres (g) 14·4 4·7 16·7** 5·5

Alcohol (%) 3·7 3·6 3·2 3·1

SFA, saturated fatty acids; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
Mean value was significantly different from that at week 0: *P,0·05, **P,0·01, ***P,0·0001.
† For details of subjects and procedures, see Table 1 and pp. 286–287.
‡ Analyses were performed on log-transformed values.

Table 1. Anthropometric variables and plasma lipid and lipoprotein profiles at weeks 0, 6 and 12 of the nutritional intervention (n 71)‡

(Mean values and standard deviations)

Week 0 Week 6 Week 12

Mean SD Mean SD Mean SD

Age (years) 46·9 7·6 – –
BMI (kg/m2) 25·8 4·0 25·6** 4·0 25·6** 3·8
Waist circumference (mm) 833 109 829 105 821† 102
Triacylglycerols§ (mmol/l) 1·20 0·48 1·18 0·53 1·16 0·49
Apo B (g/l) 0·98 0·20 0·93*** 0·22 0·94* 0·22
Total cholesterol (mmol/l) 5·21 0·89 5·08** 0·84 5·14 0·86
HDL-cholesterol (mmol/l) 1·64 0·41 1·59 0·39 1·62 0·41
LDL-C (mmol/l)k 3·02 0·76 2·94 0·72 2·97 0·71

LDL-C,255 Å (mmol/l) 0·72 0·58 0·72 0·56 0·72 0·51
LDL-C255–260 Å (mmol/l) 1·00 0·36 0·97 0·37 0·98 0·39
LDL-C.260 Å (mmol/l) 1·29 0·65 1·24 0·63 1·26 0·63

Relative proportion of LDL (%)
, 255 Å 24·0 16·4 24·8 18·2 24·7 16·4
255–260 Å 33·7 10·0 33·3 10·8 33·3 10·8
. 260 Å 42·3 16·4 41·6 16·6 41·9 16·4

LDL peak particle size (Å) 258·9 2·6 258·9 2·7 259·1 2·5
LDL integrated (mean) size (Å) 259·7 2·2 259·6 2·4 259·6 2·2

LDL-C, LDL-cholesterol.
Mean value was significantly different from that at week 0: *P,0·05, **P,0·01, ***P,0·0001.
† Mean value was significantly different from those at weeks 0 and 6 (P,0·001).
‡ For details of procedures, see pp. 286–287.
§ Analyses were performed on log-transformed values.
kTotal plasma LDL-C levels were obtained with the Friedewald formula.
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The 12-week nutritional intervention resulted in significant
decreases in energy intake (745 (SD 2033) kJ). The relative
intake from SFA also significantly decreased from 11·2 (SD

2·8) to 9·9 (SD 2·7) % (P,0·002). A significant increase in
the MUFA:SFA ratio was also induced by the nutritional
intervention (P,0·002). The relative intake of proteins
increased significantly by 1·3 % and the relative intakes
of carbohydrates and lipids remained unchanged. A signifi-
cant increase in the absolute dietary fibre intake was
observed (P,0·01; Table 2).

Among the total sample of women, increases in the
Mediterranean score were significantly associated with
decreases in LDL-C concentrations (r 2 0·24; P¼0·04).
Also, changes in the individual score for sweets were nega-
tively associated with changes in LDL-C.260 Å concen-
trations (r 2 0·29; P¼0·02), indicating that a decrease in
the consumption of sweets was associated with a decrease
in LDL-C.260 Å concentrations. Partial correlation analyses
indicated that adjustment for changes in BMI or waist cir-
cumference did not modify correlations between changes
in items of the Mediterranean score and changes in LDL
electrophoretic characteristics.

In our total sample, changes in LDL-PPD were signifi-
cantly associated with the value of LDL-PPD at baseline
(r 20·43; P¼0·0002). On the basis of this observation,
additional analyses were undertaken to investigate the con-
tribution of baseline LDL-PPD values to anthropometric
and metabolic changes that occurred during the nutritional
intervention. Table 3 shows the baseline characteristics of
subjects in each group separated on the basis of LDL-
PPD at baseline. No significant differences in age, waist
circumference and BMI were observed at baseline between
the three groups separated on the basis of LDL-PPD. Also,
subjects with LDL-PPD .260·0 Å presented at baseline
lower concentrations of TG as well as higher HDL-C con-
centrations than the group with the lowest LDL-PPD
(P,0·05; Table 3). Differences between groups remained
statistically significant at the end of the intervention
(P,0·05; data not shown).

The Mediterranean score increased similarly among the
three groups separated on the basis of baseline LDL-PPD
(Fig. 2). Also, after 12 weeks of nutritional intervention
waist circumference decreased similarly in all groups
(Fig. 2) but HDL-C, LDL-C and TG did not change signifi-
cantly in any of the groups. Furthermore, in response to the
nutritional intervention plasma apo B levels decreased sig-
nificantly after 6 and 12 weeks in subjects with the highest
LDL-PPD at baseline (P,0·01; Fig. 2). In contrast, in sub-
jects characterised by LDL-PPD smaller than 260·0 Å (first
and second tertiles), apo B concentrations decreased sig-
nificantly after 6 weeks of nutritional intervention but
returned to baseline values after 12 weeks of intervention.

Subjects who, at baseline, were in the first tertile of the
LDL-PPD distribution (,258·4 Å) showed a significant
increase in LDL-PPD in response to the 12-week nutri-
tional intervention (P¼0·03; Fig. 3). Among women with
a reduced LDL-PPD at baseline, the proportion of LDL
%,255 Å tended to decrease (P ¼ 0·12) and the proportion
of LDL %.260 Å increased significantly (P,0·05). In con-
trast, LDL-PPD and LDL integrated size decreased signifi-
cantly (P¼0·007) among women with large LDL particles
at baseline (LDL-PPD .260 Å; Fig. 3). However, in that
latter group, LDL-PPD value at the end of the nutritional
intervention remained statistically higher than in the two
other groups (P,0·0001; Fig. 3).

Discussion

The present study conducted in a group of seventy-one
healthy women showed that a nutritional intervention pro-
moting the Mediterranean food pattern resulted in signifi-
cant changes in dietary intakes, which were maintained
throughout the 12-week study period. The results also
showed that in response to this nutritional intervention,
slight but significant improvements in the metabolic profile
occurred. Among our total sample, no significant changes
in LDL electrophoretic characteristics were observed.
However, the present results indicate that beneficial

Fig. 1. Individual components of the Mediterranean score at weeks 0 (B) and 12 (o) of the nutritional intervention (n 71). For grains, fruits,
vegetables, legumes, nuts and seeds, olive oil, and fish, a high score reflected a high consumption. Inversely for red meat and processed
meat, sweets, and eggs, a higher score was attributed for a lower frequency of intake. For dairy products, an intake of two to three portions/d
was considered as a typical Mediterranean intake and four points were allowed for such an intake. For poultry, four points were allowed when
the mean intake was three portions/week. Individual score was significantly different from that at week 0: *P,0·001, †P,0·0001.
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Fig. 2. Impact of LDL peak particle diameter (LDL-PPD) at baseline on response to the nutritional intervention in (A) Mediterranean score, (B)
waist circumference, (C) triacylglycerols (TG) concentrations and (D) apo B concentrations. (–V–), LDL-PPD ,258·4 Å; (–B–), LDL-PPD
258·4–260·0 Å (–O–), LDL-PPD .260·0 Å. Value was significantly different from that at week 0: *P,0·05, ** P, 0·01, *** P,0·0001. TG
concentrations were significantly different between groups at week 12 (P¼0·05). For apo B concentrations, there was a significant interaction
(P¼0·02).

Table 3. Baseline characteristics of anthropometric and metabolic variables between the three groups separated on the basis of baseline low-
density lipoprotein peak particle diameter (LDL-PPD)‡

(Mean values and standard deviations)

LDL-PPD,258·4 Å

(n 24)
LDL-PPD258·4–260·0 Å

(n 24)
LDL-PPD.260·0 Å

(n 23)

Mean SD Mean SD Mean SD

Age (years) 45·6 9·2 45·7 5·8 49·4 7·2
BMI (kg/m2) 26·4 4·8 26·5 3·8 24·5 2·9
Waist circumference (mm) 850 131 851 106 795 79
Triacyglycerols§ (mmol/l) 1·49 0·56 1·13* 0·40 0·96* 0·30
Apo B (g/l) 1·01 0·23 0·94 0·16 1·00 0·21
Total cholesterol (mmol/l) 5·04 0·92 5·10 0·85 5·54 0·85
HDL-cholesterol (mmol/l) 1·41 0·31 1·63* 0·37 1·89*† 0·43
LDL-Ck (mmol/l) 2·95 0·80 2·92 0·68 3·20 0·79

LDL-C,255 Å (mmol/l) 0·96 0·62 0·67* 0·54 0·55*† 0·50
LDL-C255–260 Å (mmol/l) 1·08 0·44 1·00 0·32 0·92 0·29
LDL-C.260 Å (mmol/l) 0·90 0·43 1·25* 0·37 1·73*† 0·79

Relative proportion of LDL (%)
, 255 Å 32·1 16·5 22·1* 14·6 17·4* 15·0
255–260 Å 37·2 12·1 34·2 8·1 29·6* 8·2
. 260 Å 30·6 11·9 43·7* 11·3 53·0*† 17·3

LDL peak particle size (Å) 256·1 2·0 259·2* 0·5 261·5*† 1·0
LDL integrated (mean) size (Å) 258·0 1·9 259·6* 1·2 261·7*† 1·4

LDL-C, LDL-cholesterol.
Mean value was significantly different from that for group 1 (P,0·05).
† Mean value was significantly different from that for group 2 (P,0·05).
‡ For details of procedures, see pp. 286–287.
§ Analyses were performed on log-transformed values.
kTotal plasma LDL-C levels were obtained with the Friedewald formula.
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changes in LDL electrophoretic characteristics occurred
among the subgroup of women characterised by smaller
LDL particles at baseline (LDL-PPD ,258·4 Å).

Individuals living in the Mediterranean region are recog-
nised as having one of the lowest rates of mortality from
CHD (Keys et al. 1986). Results from two nutritional inter-
ventions promoting a Mediterranean diet in secondary pre-
vention indicated that a Mediterranean diet could lead to a
significant reduction of recurrence rate of myocardial
infarction (de Lorgeril et al. 1994; Renaud et al. 1995;
de Lorgeril et al. 1999; Singh et al. 2002). Results of
these studies suggest that changes in traditional lipid risk
factors such as cholesterol, TG and HDL-C could not
explain the reduction of myocardial infarction risk in
response to a Mediterranean diet. Since these studies did
not succeed in providing clear evidence about the potential
mechanisms explaining how the Mediterranean diet would
reduce myocardial infarction risk, this indicated that other
risk factors could be involved.

Reduced LDL-PPD is usually associated with an
increased risk of cardiovascular disease (Austin et al.
1988; Lamarche et al. 1997). It has recently been shown
that the relative and absolute proportion of small LDL par-
ticles (LDL %,255 Å; LDL-C,255 Å) is providing valuable
additional information to the more traditional measurement
of LDL-PPD in predicting CHD risk in men (St-Pierre et al.
2001). The present results indicate that in our total sample no
significant changes in LDL electrophoretic characteristics
occurred in response to the 12-week nutritional intervention
in healthy women despite significant dietary modifications.

Therefore, it appears that changes in the dietary pattern,
taken as a whole, were not accompanied by significant
changes in LDL electrophoretic characteristics.

Correlation analysis performed in our total sample
demonstrated that the decrease in sweets consumption
was significantly associated with a decrease in LDL-PPD.
These results suggest that women who decreased the
most their consumption of sweets were more likely to
have a reduction in LDL-PPD. It is important to specify
that many different types of foods were included in the
‘sweets’ category of the Mediterranean score. In fact,
cakes, pies, cookies, chocolate bars, and ice cream were
all considered as sweets. Therefore, sweets were not exclu-
sively composed of sugars and it is difficult to specifically
identify what nutrients were included in the ‘sweets’ or
what association of nutrients could mediate the association
observed between the decrease in sweets consumption and
the concurrent reduction in LDL-PPD. Considering this
finding, one could argue that a decrease in sweets consump-
tion is not beneficial for cardiovascular health as it is
associated with a decrease in LDL-PPD. However, it has
to be emphasised that changes in the individual score of
sweets tended to be associated with changes in waist cir-
cumference (r 2 0·21; P¼0·07) and in LDL-C concen-
trations (r 2 0·27; P,0·02). Therefore, a decrease in
sweets consumption can favour a waist-circumference
reduction and a reduction in LDL-C concentrations that
can have long-term beneficial metabolic effects. Also, in
contrast to previous studies conducted under isoenergetic
conditions (Dreon et al. 1998; Kratz et al. 2002) the present

Fig. 3. Impact of LDL peak particle diameter (LDL-PPD) at baseline on response to the nutritional intervention in (A) LDL-PPD, (B) LDL inte-
grated size, (C) LDL %,255 Å, (D) LDL%.260 Å. (–W–), LDL-PPD ,258·4 Å; (–†–), LDL-PPD 258·4–260·0 Å; (–A–), LDL-PPD .260·0 Å.
Value was significantly different from that at week 0: * P,0·05, ** P,0·01. Significant differences between groups at week 12 were observed
for LDL-PPD (P,0·0001), LDL integrated size (P,0·001) and LDL %.260 Å (P,0·01). For LDL-PPD the P for interaction was P¼0·002, that
for LDL integrated size was P¼0·01, that for LDL %,255 Å was P¼0·05, and that for LDL %.260 Å was P¼0·09.
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study did not report a deleterious effect of a decrease in
SFA consumption on LDL electrophoretic characteristics.

When women with smaller LDL particles were analysed
separately, some significant changes in LDL electrophoretic
characteristics were observed. In fact, women characterised
by a more deteriorated risk profile benefited more from the
intervention than women presenting a healthier profile at
baseline. In women at higher CHD risk, i.e. smaller LDL-
PPD, higher TG and lower HDL-C, we observed an
increase in LDL-PPD and the relative proportion of LDL
%.260 Å increased while the proportion of LDL %,255 Å

tended to be reduced. Correlation analyses revealed a nega-
tive association between changes in TG concentrations and
changes in LDL-PPD in women with smaller LDL particles
(data not shown). These results are concordant with the fact
that plasma TG is a strong predictor of LDL-PPD (Griffin
et al. 1994; Stampfer et al. 1996). It has to be acknowledged
that, in the present study, women with smaller LDL par-
ticles to start with were still characterised by a metabolic
profile that was, for most of them, ranging within normal
values. In fact, 75 % of women in the subgroup with smaller
LDL particles had LDL-PPD above 255 Å and were there-
fore characterised by pattern A.

In participants in the third tertile (LDL-PPD .260 Å) a
decrease in LDL-PPD was observed with no change in the
relative distribution of cholesterol among LDL subclasses.
Despite a decrease in LDL-PPD in response to our nutri-
tional intervention in these women, LDL-PPD values at
the end of the intervention remained relatively high
(260·7 (SD 1·3)Å) and this decrease probably had no
major clinical impact, considering all the other risk factors.
In fact, these women responded to the nutritional interven-
tion with a decrease in plasma apo B concentration and a
trend for a decrease in LDL-C concentration and also
showed a decrease in waist circumference; these par-
ameters can all have a beneficial impact on CHD risk.

The present results suggest that the change in LDL-PPD
in response to the intervention was influenced by the base-
line LDL-PPD of our subjects. Differences in the response
to the intervention in the three groups separated on the
basis of baseline LDL-PPD could not be attributable to
differences in dietary changes or changes in waist circum-
ference which were similar between each subgroup in
response to our nutritional intervention. Therefore, despite
similar dietary changes, the present results suggest that
women with smaller LDL-PPD did not respond in the
same way to the intervention as the subjects with larger
particles. This observation is concordant with previous
observations showing that healthy men on a high-fat diet
who were characterised by smaller LDL particles at base-
line were more responsive to a fat reduction than men
with larger particles by showing significant decreases in
mass of medium and small particles (Krauss & Dreon,
1995). Finally, changes observed in the present study con-
firm that the diet could influence LDL electrophoretic
characteristics, but other factors such as genes can have
an effect on this phenotype (Bosse et al. 2003). It is also
possible that a gene–diet interaction could contribute
to the explanation of the inter-individual differences in
the effects of the nutritional intervention on the risk
of CHD.

In conclusion, a nutritional intervention promoting the
Mediterranean food pattern in free-living conditions was
effective in modifying the food habits of healthy women
from the Québec City metropolitan area. These changes
in the food pattern were associated with only marginal
variations in LDL electrophoretic characteristics. However,
even in a group of healthy women, those in the risk cat-
egory based on their LDL-PPD experienced significant
and beneficial changes in their LDL size phenotype.
These subtle changes in their LDL particle size and in
cholesterol distribution among various LDL subfractions
may explain part of the cardiovascular benefits that have
been attributed to the Mediterranean diet in subjects at
increased CHD risk. However, it is unclear how these
small changes in LDL-PPD in women with smaller LDL
particles at baseline could modify the overall cardiovascu-
lar risk profile.

We acknowledge that the present study has some limi-
tations. In fact, the lack of a control group can be con-
sidered as a limitation. However, we believe that the
more important changes in metabolic variables in response
to dietary changes that were observed among women with
a more deteriorated risk profile at baseline support the
thesis that the changes observed are related to the interven-
tion rather than being explained by a study effect. Further
studies will be needed to establish whether our intervention
is more efficacious in modifying the cardiovascular risk
profile, including LDL electrophoretic characteristics, of
high-risk individuals than other standard nutritional inter-
ventions such as the American Heart Association step I
and II diets (National Cholesterol Education Program,
1993).
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