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The objective was to assess the impact of a Mediterranean-style, low–glycemic-load diet
(control group, n = 41) and the same diet plus a medical food (MF) containing phytosterols,
soy protein, and extracts from hops and Acacia (MF group, n = 42) on lipoprotein
atherogenicity in women with metabolic syndrome. Plasma lipids, apolipoproteins (apos),
lipoprotein subfractions and particle size, low-density lipoprotein (LDL) oxidation, and
lipoprotein (a) were measured at baseline, week 8, and week 12 of the intervention. Three-
day dietary records were collected at the same time points to assess compliance. Compared
with baseline, women decreased energy intake from carbohydrate (P < .001) and fat (P < .001),
whereas they increased energy intake from protein (P < .001). A significant increase in
energy from monounsaturated fatty acids was also observed as well as increases in
eicosapentaenoic acid and docosahexaenoic acid, whereas trans-fatty acid intake was
reduced (P < .00001). The atherogenic lipoproteins, large very low-density lipoprotein (P <
.0001) and small LDL (P < .0001), were reduced, whereas the ratio of large high-density
lipoprotein to smaller high-density lipoprotein particles was increased (P < .0001). Apoli-
poprotein B was reduced for all women (P < .0001), with a greater reduction in the MF group
(P < .025). Oxidized LDL (P < .05) and lipoprotein (a) (P < .001) were reduced in both groups at
the end of the intervention. Consumption of a Mediterranean-style diet reduces the risk for
cardiovascular disease by decreasing atherogenic lipoproteins, oxidized LDL, and apo B.
Inclusion of an MF may have an additional effect in reducing apo B.
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1. Introduction

The prevalence of overweight and obesity is increasing per-
sistently. Currently, more than two thirds of adults in the
United States are overweight or obese [1]. These characteris-
tics are associated with multiple cardiometabolic risk factors
that lead to the development of metabolic syndrome (MetS).
Metabolic syndrome is defined as a clustering of abnormalities
that include visceral adiposity, elevated blood pressure and
fasting plasma glucose, and atherogenic dyslipidemia (reduced
high-density lipoprotein cholesterol [HDL-C] and elevated
plasma triglycerides [TG]) [2]. Metabolic syndrome exists as a
constellation of metabolic disturbances with both genetic and
environmental factors contributing to its pathogenesis [2,3].

A MetS classification is associated with a nearly 5-fold
increase in the risk for development of type 2 diabetes melli-
tus and a 2-fold increase in the risk for development of car-
diovascular disease (CVD) [3]. Modification of lifestyle is the
first line of therapy to amend abnormalities related to MetS,
with dietary intervention as a primary focus [4]. Controversy
exists regarding the ideal dietary pattern to ameliorate
MetS characteristics; but the Mediterranean-style dietary
pattern has gained substantial consideration in this area,
with epidemiological and experimental evidence to support
its benefits [5-7]. The observed cardioprotective advantages
can be attributed to the overall dietary pattern that encour-
ages consumption of vegetables, legumes, fruits, fish, olive
oil, and whole grains, providing monounsaturated fatty acids
(MUFA), omega-3 fatty acids, dietary fiber, antioxidants, and
phytosterols [8].

Many investigators have concentrated on the impact of a
Mediterranean-style diet on specific MetS characteristics, but
the potential dietary influence on emerging risk factors for
CVD in the context of MetS has been less explored. To reduce
risk for CVD, the primary lipid target is low-density lipoprotein
cholesterol (LDL-C); but other viable targets have recently
been used for risk evaluation and treatment. Apolipoprotein
(apo) B in risk assessment indicates the total number of
potentially atherogenic particles, including very low-density
lipoprotein (VLDL), intermediate-density lipoprotein (IDL),
LDL, and lipoprotein (a) (Lp[a]), all of which contain one mole-
cule of apo B-100 [9]. Elevated concentrations of other apos,
namely, apo E and apo C-III, have been associated with the
dyslipidemia observed in MetS [10,11].

In addition, analysis of LDL subpopulations may be valua-
ble because the concentration of small, dense LDL particles
serves as a better marker of risk than LDL-C [12,13]. A detailed
examination of VLDL and HDL particle size distribution is
also informative because higher numbers of both large VLDL
and small HDL particles are suggestive of a more atherogenic
lipoprotein profile [14,15]. High levels of oxidized LDL (oxLDL)
and Lp(a) are other components of the abnormal lipoprotein
profile associated with CVD, which merit additional study
in individuals with MetS [16,17].

Previously, we evaluated the effect of a Mediterranean-
style, low–glycemic-load diet (with or without a phytonutri-
ent-rich medical food [MF]) in a 2-arm randomized trial and
reported significant reductions of MetS variables in over-
weight and obese women with MetS [18]. The objective of
the present study was to examine the impact of this diet
on lipoprotein metabolism, specifically on atherogenic lipo-
protein subfractions including oxLDL and Lp (a), lipoprotein
particle size, and apo concentrations in this population.
Furthermore, we aimed to determine if the diet supplemen-
ted with an MF containing soy protein, phytosterols, ρ iso-α
acids, and Acacia proanthocyanidins provided additional
cardiovascular benefits. We hypothesized that all women
would present reductions in atherogenic lipoproteins and
risk factors for CVD at the conclusion of the intervention
and that the women consuming the MF would experience
greater improvements.
2. Methods

2.1. Materials

Apolipoprotein kits were ordered from Millipore (Billerica,
MA). The oxLDL kit was purchased from Alpco Diagnostics
(Salem, NH), and the Lp(a) kit was from Cortex Diagnostics
(Calabasas, CA). The MF, UltraMeal Plus 360°, in powdered
beverage form, was provided by Metagenics (Gig Harbor, WA).

2.2. Study design and randomization

After approval from the Institutional Review Board at each
site (University of Connecticut, Storrs; University of Florida,
Jacksonville; and University of California, Irvine), 89 women,
ages 20 to 75 years, were recruited. A total number of 83
subjects completed the dietary intervention. Participants
were randomly assigned to the control group (n = 41) or
the MF group (n = 42). The inclusion criteria were body mass
index between 25 and 40 kg/m2, LDL-C of at least 100 mg/dL,
TG of at least 150 mg/dL, and 2 of the 4 remaining criteria for
MetS according to the National Cholesterol Education
Program–Adult Treatment Panel III definition [19]. Exclusion
criteria included the use of hypoglycemic or cholesterol-
lowering agents, and the existence of kidney, liver, or heart
disease. Women in the control group were instructed to
follow a modified Mediterranean-style, low–glycemic-load
diet for the duration of the 12-week intervention, whereas
those in the MF group were asked to consume the same diet
plus the MF twice each day for 12 weeks. Study participants
were brought on-site for visits at baseline and weeks 2, 4, 6,
8, 10, and 12. To measure compliance of MF intake, the
unused portions were weighed at biweekly intervals. Details
regarding diet and exercise have been reported elsewhere
[18]. Dietary counseling was provided at each visit by a
registered dietitian, following the dietary approach outlined
by Schiltz et al [20].

2.3. Blood collection

At baseline, week 8, and week 12, 60mL of blood was collected
from each subject into EDTA tubes following a 12-hour
overnight fast. Plasma was separated by centrifugation at
2000g for 20minutes at 4°C, aliquoted to cryotubes, and stored
at −80°C until analyses were performed.
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2.4. Lipoprotein subfractions and particle size

Nuclear magnetic resonance was conducted by LipoScience
(Raleigh, NC). A 400-MHz nuclear magnetic resonance analyz-
er was used to quantify lipoprotein subclasses based on
particle diameters: large VLDL (35-60 nm), medium VLDL (27-
35 nm), small VLDL (23-27 nm), large LDL (21.2-23 nm),
medium LDL (19.8-21.2 nm), small LDL (18-19.8 nm), large
HDL (8.8-13 nm), medium HDL (8.2-8.8 nm), and small HDL
(7.3-8.2 nm). The weighted average particle size (diameter)
was determined by multiplication of the diameter of each
lipoprotein subclass by its relative concentration.

2.5. Plasma apos

Plasma concentrations of apo A-I and apo B were analyzed
by Northwest Lipid Research Laboratories (Seattle,WA). Apoli-
poproteins A-II, C-II, C-III, and E were measured in duplicate
using fasting plasma and xMAP technology on the Luminex
IS 200 system (Austin, TX) with antibodies specific to the
individual apos (Milliplex Human Apolipoprotein Panel)
obtained from Millipore (Billerica, MA) [21].

2.6. Plasma oxLDL and plasma Lp(a)

Plasma oxLDL and plasma Lp(a) were measured using a solid-
phase capture sandwich enzyme-linked immunosorbent
assay. The microwells to which the samples and standards
were added were coated either with anti-oxLDL antibodies or
anti-Lp(a) antibodies. Reactions were carried out, and the
absorbance for each well was read on a spectrophotometer
(Spectramax Multimode Spectrophotometer, Sunnyvale, CA)
at 450 nm.

2.7. Nutrient analysis

Dietary intakewas analyzed at 4 time points (baseline, week 2,
week 8, and week 12) using the Nutritional Data System for
Research 8.0 (Minneapolis, MN). Participants kept 3-day
dietary records, and the diets were analyzed for intakes
(absolute and percentage of total energy) of the macronutri-
ents and fatty acids.
Table 1 – Energy intake from CHO, protein, total fat, SFA, MUF
allocated to the MF group (n = 42) or the control group (n = 41)

Nutrient
(% energy)

MF arm

Baseline Week 2 Week 8 Week 12 B

CHO 44.8 ± 10.3 43.9 ± 9.7 40.4 ± 8.1 a 41.1 ± 7.8 a

Protein 16.6 ± 4.7 26.3 ± 5.7 a 25.4 ± 4.2 a 25.3 ± 4.2 a

Fat b 36.1 ± 8.6 36.1 ± 8.6 33.7 ± 8.5 a 32.5 ± 7.8 a

SFA 12.3 ± 3.2 9.6 ± 3.4 a 9.5 ± 2.5 a 10.3 ± 1.9 a

MUFA 13.6 ± 4.1 14.4 ± 5.1 a 16.4 ± 5.8 a 15.5 ± 5.7 a

PUFA 7.3 ± 2.7 7.4 ± 3.3 8.7 ± 2.2 8.1 ± 3.2

Numbers are expressed as mean ± SD for women in the MF and control g
a Indicates significantly different from baseline (P < .001) as determined
b Subjects in the MF group consumed less fat as percentage energy at we
measured parameters.
2.8. Statistical analysis

Repeated-measures analysis of variance (ANOVA) was used
to determine diet and time effects on dietary intake and the
different biomarkers. Each individual's response to the
intervention over time was the repeated measure (baseline,
week 8, and week 12), and the diet interventions (control vs
MF) were the between-subject factors. Post hoc tests were
used to determine interactive effects. Statistical analyses
were performed on SPSS (Chicago, IL) version 14.0 for Win-
dows; and significance was placed on a P value < .05, with
data values presented as mean ± SD. Initial body weight,
waist circumference (WC), and plasma LDL were used as
covariates to determine differences in apo B between control
and MF groups.
3. Results

3.1. Energy intake

Significant changes in macronutrient intake were observed
over the course of the intervention. The percentage of energy
intake from carbohydrate (CHO) decreased over time, with no
differences between groups. There was an interactive effect in
the consumption of fat; participants in the control group
consumed a higher amount of fat as a percentage of total
energy (P < .05, Table 1). Conversely, energy intake from
protein increased in both groups (P < .001). Percentage energy
intake from saturated fat decreased in both groups, whereas
that from MUFA increased (P < .001, Table 1). Intakes of trans-
fatty acids (TFA) decreased in both groups (P < .001). In
contrast, intake of the omega-3 fatty acids, eicosapentaenoic
acid (EPA), and docosahexaenoic acid (DHA) increased over
time (P < .0001, Table 2). In summary, no differences were
found between groups in diet except for total fat that was
higher for the control group.

3.2. Plasma lipids and atherogenic lipoproteins

Changes in plasma lipids have been previously reported [18].
Plasma LDL-C was reduced both in the control group (132.9 ±
A, and PUFA at baseline, week 8, and week 12 of women

Control arm Time effect
(P value)

aseline Week 2 Week 8 Week 12

43.2 ± 8.6 36.2 ± 9.0 a 36.0 ± 9.6 a 36.3 ± 8.9 a <.001
16.3 ± 3.8 24.3 ± 5.6 a 24.1 ± 5.6 a 25.2 ± 5.4 a <.001
38.4 ± 6.6 37.5 ± 8.2 37.3 ± 7.4 37.7 ± 8.2 <.001
12.8 ± 2.8 10.1 ± 3.0 a 10.6 ± 2.5 a 10.3 ± 3.0 a <.001
14.2 ± 3.4 16.1 ± 5.1 a 15.7 ± 4.2 a 15.4 ± 4.1 a <.001
8.2 ± 3.2 8.1 ± 2.2 7.6 ± 2.5 8.7 ± 3.5 NS

roups. NS indicates nonsignificant.
by repeated-measures ANOVA.
ek 12. No diet or interactive effects were found for the other



Table 2 – Intake of TFA, EPA, and DHA at baseline, week 8, and week 12 of women allocated to the MF group (n = 42) or the
control group (n = 41)

Nutrient
(g/d)

MF arm Control arm Time
effect

(P value)

Baseline Week 2 Week 8 Week 12 Baseline Week 2 Week 8 Week 12 <.0001

TFA 5.1 ± 3.2 1.4 ± 1.0 a 1.6 ± 1.4 a 1.4 ± 1.0 a 5.3 ± 3.5 a 1.7 ± 1.0 a 1.8 ± 1.5 a 1.5 ± 1.2 a <.0001
EPA 0.057 ± 0.093 0.090 ± 0.109 a 0.096 ± 0.118 a 0.109 ± 0.164 a 0.034 ± 0.079 0.101 ± 0.122 a 0.086 ± 0.100 a 0.093 ± 0.091 a <.0001
DHA 0.094 ± 0.116 0.160 ± 0.168 a 0.236 ± 0.393 a 0.257 ± 0.340 a 0.072 ± 0.115 0.198 ± 0.274 a 0.183 ± 0.287 a 0.232 ± 0.283 a <.0001

Numbers are expressed asmean ± SD for women in theMF and control groups. No diet or interactive effects were found for any of themeasured
parameters.
a Indicates significantly different from baseline (P < .001) as determined by repeated-measures ANOVA.
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28.4 to 121.0 ± 27.9 mg/dL) and the MF group (135.6 ± 27.6 to
112.6 ± 28.4 mg/dL) (P < .0001), with a greater reduction in the
MF group (P < .05). Similarly, plasma TG were reduced in the
control group (193.8 ± 99.6 to 166.5 ± 86.3 mg/dL) and the MF
group (179.5 ± 96.0 to 137.4 ± 60.8 mg/dL) (P < .0001). Plasma
HDL-C concentrations were not different between groups,
nor did they change between baseline and 12 weeks post-
intervention (data not shown).

Decreases in large and small VLDL were observed for both
groups (P < .001, Table 3), with no changes in medium VLDL
(data not shown). Intermediate-density lipoprotein also
decreased (P < .001, Table 3), with no difference found between
the 2 groups. Finally, medium and small LDL decreased for
both groups (P < .001, Table 3), whereas no changes were
noted for large LDL (data not shown). No significant changes
were found for large or small HDL in either group (data not
shown), but there was a decrease in medium HDL in both
groups (P < .0001, Table 3). Furthermore, the ratio of large HDL
to medium + small HDL increased in both groups (P < .05);
however, no differences were noted between groups.

3.3. Plasma apos, oxLDL, Lp(a), and LDL size

Plasma apos A-I, A-II, C-III, and E decreased in both groups
from baseline to week 12 (P < .001, Table 4). Apolipoprotein B
also decreased in both groups (P < .0001, Table 4); however,
there was an interactive effect for this parameter because the
Table 3 – Atherogenic lipoproteins at baseline, week 8, and w
control group (n = 41)

Particle (mmol/L) MF arm

Baseline Week 8 Wee

Large VLDL 7.3 ± 7.5 2.4 ± 2.9 a 3.0 ±
Small VLDL 50.2 ± 18.5 44.9 ± 15.3 a 46.1 ±
IDL 73.1 ± 52.2 54.3 ± 50.1 a 51.6 ±
Medium LDL 251 ± 87 195 ± 76a 191 ±
Small LDL 949 ± 328 763 ± 314 a 751 ±
Medium HDL (mmol/L) 5.68 ± 4.29 4.06 ± 3.62 a 4.67 ±
Large HDL/medium + small HDL 0.193 ± 0.122 0.208 ± 0.110 a 0.220 ±

Numbers are expressed as mean ± SD for women in the MF and contr
measured parameters.
a Indicates significantly different from baseline (P < .005) as determined
degree of reduction was greater in the MF group. There was a
9% reduction in apo B from baseline to week 12, whereas there
was a 17% reduction in apo B from baseline to week 12 (P <
.025). The difference in changes in apo B persisted in the MF
group after adjusting for initial body weight, LDL-C, and WC.
No changes were observed for apo C-II (data not shown).

Compared with baseline, the mean concentration of
oxLDL was decreased in week 8 for the control group and for
both groups at week 12 (P < .005, Table 4). Lipoprotein (a)
concentrations were lower at weeks 8 and 12 compared with
baseline for both groups (P < .001, Table 4). Differences
between groups were not significant. The mean size of LDL
particles increased in both groups at weeks 8 and 12 when
compared with baseline (P < .005, Table 4), with no differences
between groups.
4. Discussion

AMediterranean-style diet has been proposed as an option for
dietary treatment of MetS components. Here we investigate
whether this diet affects other risk factors for CVD, including
atherogenic lipoproteins and oxLDL.

High glycemic load as a result of excess refined CHO
consumption has been associated with increased CVD risk
[22]. An association between high–glycemic-load dietary
patterns and unfavorable lipoprotein and lipid profiles in
eek 12 of women allocated to the MF group (n = 42) or the

Control arm Time effect
(P value)

k 12 Baseline Week 8 Week 12 <.005

4.4 a 6.8 ± 6.2 3.4 ± 3.5 a 3.8 ± 4.5 a <.005
19.4 a 58.5 ± 21.0 49.7 ± 19.4 a 52.7 ± 16.8 a <.005
43.7 a 86.7 ± 53.0 60.4 ± 59.9 a 57.7 ± 52.1 a <.005
80 a 248 ± 87 205 ± 89 a 210 ± 91a <.005
331 a 954 ± 382 796 ± 350 a 811 ± 351a <.005
4.51 a 7.26 ± 5.51 4.10 ± 4.24 a 4.49 ± 3.89 a <.005
0.130 a 0.200 ± 0.127 0.215 ± 0.125 a 0.220 ± 0.132 a <.005

ol groups. No diet or interactive effects were found for any of the

by repeated-measures ANOVA.



Table 4 – Apolipoproteins, LDL size, Lp(a), and oxLDL at baseline, week 8, and week 12 of women allocated to the MF group
(n = 42) or the control group (n = 41)

Apo (mg/L) MF arm Control arm Time effect
(P value)

Baseline Week 8 Week 12 Baseline Week 8 Week 12

Apo A-I 1487 ± 268 1349 ± 222 a 1391 ± 240 a 1562 ± 220 1473 ± 189 a 1484 ± 207a <.005
Apo A-II 184 ± 72 177 ± 80 a 161 ± 58 a 196 ± 70 175 ± 72 a 175 ± 63a <.005
Apo Bb 1200 ± 213 985 ± 217 a 998 ± 203 a 1188 ± 221 1065 ± 257 a 1086 ± 239a <.005
Apo C-III 261 ± 123 223 ± 110 a 227 ± 92 a 271 ± 107 237 ± 110 a 231 ± 89a <.005
Apo E 68 ± 23 60 ± 18 a 59 ± 16 a 76 ± 35 68 ± 31 a 67 ± 26a <.005
LDL diameter (nm) 20.46 ± 0.68 20.59 ± 0.69 a 20.65 ± 0.77 a 20.52 ± 0.72 20.66 ± 0.74 a 20.67 ± 0.76 a <.005
oxLDL (ng/mL) 105.7 ± 93.0 108.1 ± 99.1 98.3 ± 98.4 a 133.1 ± 100.6 122.3 ± 90.0 a 124.8 ± 97.7 a <.005
Lp(a) (mg/dL) 24.0 ± 23.0 17.3 ± 15.1 a 10.4 ± 6.0 a 20.1 ± 19.7 14.5 ± 10.7 a 10.7 ± 5.9 a <.005

Numbers are expressed as mean ± SD for women in the MF and control groups.
a Indicates significantly different from baseline (P < .005) as determined by repeated-measures ANOVA.
b The decrease in apo B was greater for the MF group before and after controlling for initial body weight, plasma apo B, and WC (P < .025). Data
are not Bonferroni corrected. No other diet or interactive effects were found for any of the other measured parameters.
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postmenopausal white women has been reported [23]. Other
studies have observed that lower glycemic load reduces the
inflammatory profile [24] and that glycemic load is more
effective than a low-fat diet in subjects with MetS [25]. More-
over, a meta-analysis revealed that a Mediterranean-style
dietary pattern is associated with improvements in MetS
parameters and a reduction in MetS prevalence and progres-
sion [26]. In the present study, analysis of dietary records
revealed compliance with the dietary prescription, as evi-
denced by the reduction in total energy intake from CHO and
fat and in saturated fatty acids (SFA) and TFA.

Findings from controlled clinical trials and epidemiological
studies have suggested that replacement of SFA with PUFA or
MUFA may be a more efficient means of reducing CVD risk
than reduction of total fat consumption [27]. In our partici-
pants, mean SFA intake decreased, whereas mean PUFA
intake increased, after the 12-week intervention, in agreement
with dietary recommendations. Dietary MUFA, a staple in the
Mediterranean-style diet, have been shown to improve insulin
sensitivity and glucose regulation, blood pressure, and plasma
lipids [28,29]. Another important dietary change was the
observed increases in EPA and DHA. It is possible that the
increased intake of these fatty acids could have influenced
the changes observed in VLDL size and number as a response
to reductions in TG [30-32].

Significant reductions were also seen in small VLDL, IDL,
and medium LDL of our study participants. Large VLDL par-
ticles are considered atherogenic because they can be taken
up by macrophages in the arterial wall and they can be
converted to small, dense LDL particles [33], which are also
atherogenic because of their lower binding affinity for the LDL
receptor, their prolonged plasma residency time, and their
increased penetration into the arterial wall when compared
with LDL particles of larger size [34-36]. Smaller LDL particles
may also have a higher susceptibility to oxidation and a lower
antioxidant carrying capacity [37]. Adherence to the dietary
pattern proposed by this study resulted in a decrease in CHO
intake, which could account for the observed reductions in
oxLDL and the increase in mean LDL size [38].

High-density lipoprotein, generally considered an anti-
atherogenic particle, may lose some of its atheroprotective
potential with a decrease in particle size [15]. In a nested
case-control study, in which case subjects developed CVD
during follow-up, a significant, inverse relationship between
HDL size and CVD riskwas reported [39]. Data fromde Souza et
al [40] suggested that, in the context of MetS, small HDL
particles may be less protective. In this intervention, we did
not observe a change in HDL-C [18]; however, we found a
decrease in the medium HDL particles and an increase in the
ratio of large HDL tomedium+ small HDL particles, suggestive
of more atheroprotective HDL particles.

Following the 12-week intervention, substantial decreases
were observed in both apo C-III and apo E. This paralleled a
decrease in plasma TG [18], which may suggest that
inhibition/displacement of apo C-II by these apos was
reduced. Increased concentrations of apo E have also been
associated with MetS [41]. Reductions in another atherogenic
apo, apo B, a known marker for CVD risk [42], were also
observed in response to Mediterranean diet. This decrease
was greater in the MF group; but because no Bonferroni ad-
justments were performed, these data remain to be con-
firmed by future studies. These findings may be related to
the high concentration of plant sterols in the MF (2000 mg per
serving), which was previously shown to also have greater
decreases in LDL-C [18]. Significant reductions were also
noted for apo A-I and apo A-II that could be related to
decreases in the medium-sized HDL. Apolipoprotein A-I is
considered atheroprotective because of its role in reverse
cholesterol transport via activation of lecithin-cholesterol
acyltransferase. Whereas decreases in apo A-I are not con-
sidered desirable, decreases in apo A-II have been shown to
exert atheroprotective effects [43].

Two emerging risk factors of CVD, oxLDL and Lp(a), were
ameliorated by consumption of a Mediterranean-style, low–
glycemic-load diet. Amarker of oxidative stress associatedwith
lipoproteins, oxLDL activates monocytes, facilitating their
infiltration of the vascular wall [17]. In the Coronary Artery
Risk Development in Young Adults (CARDIA) study, elevated
oxLDL, but not higher LDL-C, was associated with increased
incidence of MetS [44]. It is possible that, in our
study population, the change in dietary habits provided
sufficient antioxidants to interfere with lipid peroxidation
of the LDL particles [45,46]. Elevated Lp(a) is a risk factor for
atherosclerosis and thrombosis [47,48]. Lifestyle modifications
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do not typically produce changes in Lp(a); however, reductions
in TFA intake have been shown to reduce Lp(a) concentrations
[49], which may explain the decreases observed in this study.

Although many researchers have reported benefits of a
Mediterranean diet on lipid profiles in people with MetS, we
aimed to provide a broad summary of the potential benefits
that this dietary pattern can provide beyond basic lipid
measurements. A strength of this study is the comprehensive
evaluation of risk factors associated with increased risk of
heart disease including apos, lipoprotein subfractions and
size, oxLDL, and Lp(a). The results from our study suggest that
a Mediterranean-style, low–glycemic-load diet alone has great
potential in reducing not only traditional but also other
emergent risk factors for CVD. Inclusion of the MF can have
additional benefits on apo B, a well-known risk factor for heart
disease, although this needs to be conclusively demonstrated
in future studies. One limitation of the study is that the
participants were women and mostly white. Additional
studies using other populations need to be conducted to
confirm our findings.
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