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Abstract
Scope—Lipoprotein particle measures performed by nuclear magnetic resonance (NMR), and
associated ratios, may be better markers for atherosclerosis risk than conventional lipid measures.
The effect of two functional olive oils, one enriched with its polyphenols (FVOO, 500 ppm), and
the other (FVOOT) with them (250 ppm) and those of thyme (250 ppm), versus an standard virgin
olive oil (VOO), on lipoprotein particle atherogenic ratios and subclasses profiles was assessed.
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Methods and Results—In a randomized, double-blind, crossover, controlled trial, 33
hypercholesterolemic individuals received 25 mL/day of VOO, FVOO, and FVOOT. Intervention
periods were of 3-weeks separated by 2-week washout periods. Lipoprotein particle counts and
subclasses were measured by NMR. Polyphenols from olive oil and thyme modified the
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lipoprotein subclasses profile and decreased the total LDL particle/total HDL particle (HDL-P),
small HDL/large HDL, and HDL-cholesterol/HDL-P ratios, and decreased the lipoprotein insulin
resistance index (LP-IR) (P<0.05).
Conclusions—Olive oil polyphenols, and those from thyme provided benefits on lipoprotein
particle atherogenic ratios and subclasses profile distribution. Polyphenol-enriched olive oil is a
way of increasing the olive oil healthy properties while consuming the same amount of fat, as well
as a useful and complementary tool for the management of cardiovascular risk individuals.
Keywords
HDL-C/HDL-P and LDL-P/HDL-P ratios; lipoprotein subclasses; olive oil; polyphenols; thyme
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In experimental and human studies, polyphenol-rich foods have shown to improve the lipid
cardiovascular risk profile. Thyme extracts decrease total and LDL cholesterol (LDL-C) and
increase HDL-C cholesterol (HDL) in animal models [1], as well as reduce the susceptibility
to in vitro LDL oxidation [2]. Plant extracts, such as those from red yeast rice, sugar canederived policosanols, and artichoke leaf, have also been shown to have a LDL-C lowering
effect in subjects with moderate hyperlipidemia [3]. Cocoa flavonols increase the HDL-C in
human studies [4,5]. Data from the NHANES study showed that urinary enterolignan
concentrations were positively associated with serum HDL-C and negatively associated with
serum triglycerides (TG) in U.S. adults [6]. In the EUROLIVE (The effect of olive oil on
oxidative damage on European populations) study, sustained consumption of polyphenolrich olive oils have been shown to: 1) increase HDL-C; 2) reduce total cholesterol (TC)/
HDL-C and LDL-C/HDL-C ratios; 3) decrease in vivo lipid oxidative markers, such as
oxidized LDL [7,8]; and 4) increase HDL cholesterol efflux from macrophages [9].
Supporting these data, a functional olive oil enriched with its polyphenols has also been
shown to increase the expression of cholesterol-efflux-related genes [10].
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A relatively new approach for the measurement of lipoproteins is to use nuclear magnetic
resonance (NMR), which provide not only total particle counts of the major lipoprotein
fractions but also their mean size and size subclass distribution [11]. In several studies the
measurement of LDL particles (LDL-P) by NMR was more effective than those of the
cholesterol content of the LDL, or apolipoprotein (Apo) B100 concentrations, as a positive
risk marker for CHD [12]. Results from large studies such as MESA (Multi-Ethnic Study of
Atherosclerosis) [13], JUPITER [14], and HPS (Heart Protection Study) [15], also showed
that measurement of HDL particles (HDL-P) appeared to be better than HDL-C as
cardiovascular disease risk marker. Also within the MESA study, the LDL-P/HDL-P ratio
was shown to be an independent risk factor for CHD [16].Recently, it has been described
that cholesterol-overloaded particles, reflected in the HDL-C/HDL-P ratio, are
independently associated with the progression of carotid atherosclerosis in a cardiovasculardisease-free population [17].
The aim of this work was to assess the effect of two functional olive oils, one enriched with
its polyphenols, and the other with them and those of thyme, on the NMR lipoprotein
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particle profile and atherogenic ratios. We hypothesized that besides its positive effect on the
standard lipid profile, the consumption of a polyphenol-rich olive oil rich diet may also
improve cardiovascular risk parameters, as determined by NMR, and that this may provide
an alternative way to monitor such treatment.

2. Materials and Methods
2.1 Olive oil characteristics
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A natural virgin olive oil (VOO, 80 ppm of phenolic compounds (PC)) was used as a control
condition, and as a matrix to prepare a functional VOO (FVOO; PC= 500 ppm) by
enrichment of the VOO with its own PC. A second functional olive oil was prepared by
enrichment of the VOO both with its PC and those of thyme (FVOOT; PC=500ppm (250
ppm from VOO and 250 ppm from thyme)). Olive oils did not differ in fat and micronutrient
composition, with the exception of the phenolic content (Supporting Information Table S1).
2.2 Study subjects
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Hypercholesterolemic (TC >200 mg/dL) individuals were recruited from newspaper and
university advertisements. Volunteers were preselected when their clinical record, physical
examination, and blood pressure were within a predefined normal range and the candidate
was non-smoker. Next, complete blood count, routine biochemical laboratory analyses, and
urinary dipstick tests were performed. We included candidates with values, other than total
and LDL-C, within the reference range for routine haematological and biochemical analyses.
Exclusion criteria were the following: LDL-C ≥190 mg/dL, TG≥350 mg/dL, fasting blood
glucose >126 mg/dL, plasma creatinine levels >1.4 mg/dL for women and >1.5 mg/dL for
men, body mass index (BMI)>35, smokers (>1cigarrete/day), athletes with physical activity
(>3000 METS.min/day), hypertension, multiple allergies, intestinal diseases, chronic
diseases (i.e diabetes, cardiovascular, etc.), or other conditions that would impair the
adherence to the study. All participants provided written informed consent, and the
institutional ethic committee (CEIC-IMAS 2009/3347/I) approved the protocol.
2.3. Design and study procedure
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This work was conducted in the frame of the VOHF (Virgin Olive Oil and HDL
Functionality) Study. The trial was a randomized, crossover, double-blind, controlled study.
We randomly assigned participants consecutively to 1 of 3 sequences of raw olive oil
administration. Participants received a daily dose of 25 mL (22 g) of raw VOO, FVOO, or
FVOOT. Administration sequences were: FVOO,FVOOT,VOO (sequence 1, n=11);
FVOOT,VOO,FVOO (sequence 2, n=11); and VOO,FVOO,FVOOT (sequence 3, n=11).
Random allocation to each sequence was performed using a specific software developed at
the Institut Hospital del Mar d’Investigacions Mèdiques (IMIM). Three-week interventions
were preceded by 2-week washout periods, in which participants consumed a common olive
oil, a mixture of VOO and refined olive oil, with a very low phenolic content, and avoided
other types of raw fats as well as olive tables consumption. We chose the 2-week washout
period to reach equilibrium in the plasma lipid profile, because longer intervention periods
with fat-rich diets did not modify the lipid concentrations [18]. Daily doses of 25 mL of
olive oil were blindly prepared in containers and delivered to the participants at the
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beginning of each intervention period. Containers were assigned a code number concealed
from participants and investigators, and disclosed only after statistical analyses completion.
We instructed participants to return the 21 containers at the end of each intervention period
so that the daily amount of unconsumed olive oil could be registered. 24h-urine and blood
samples were collected at a fasting state at the start of the study and before and after each
treatment. Plasma EDTA and serum samples were obtained by whole blood centrifugation
and preserved at −80°C. The present clinical trial was conducted in accordance with the
Helsinki Declaration and the Good Clinical Practice for Trials on Medical Products in the
European Community (http://ec.europa.eu/health/files/eudralex/vol-10/3cc1aen_en.pdf). The
protocol is registered with the International Standard Randomized Controlled Trial register
(www.controlled-trials.com:ISRCTN77500181).
2.4 Dietary adherence
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We measured 24h-urinary hydroxytyrosol-sulfate and thymol-sulfate, before and after each
intervention period as biomarkers of adherence to the FVOO and FVOOT interventions,
respectively. Measurements were performed by HPLC-ESI-MS/MS [19]. A 3-day dietary
record was administered by the participants at baseline and before and after each
intervention-period. Participants were asked to avoid a high intake of foods rich in
antioxidants (i.e. vegetables, legumes, fruits, etc.). A nutritionist personally advised
participants to replace all types of habitually consumed raw fats with the olive oils catered,
and to limit their rich-polyphenol food consumption.
2.5. Outcomes and data collection
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Main outcome measures were changes in lipoprotein particle atherogenic ratios and
subclasses. We assessed outcome measures at the beginning of the study (baseline) and
before (pre-intervention) and after (post-intervention) each olive oil intervention period.
Anthropometric variables were also recorded. Blood pressure was measured with a mercury
sphygmomanometer after at least a 10-minute rest in the seated position. Physical activity
was recorded at baseline and at the end of the study and assessed by the MLTPAQ, which
has been validated for its use in Spanish men and women [20, 21]. Plasma glucose, TC, and
TG were measured using standard enzymatic automated methods and ApoAI and ApoB100
by immunoturbidimetry, in a PENTRA-400 autoanalyzer (ABX-Horiba Diagnostics,
Montpellier, France). HDL-C was measured by an accelerator selective detergent method
(ABX-Horiba Diagnostics, Montpellier, France). LDL-C was calculated by the Friedewald
equation.
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Serum samples were shipped to the National Heart, Lung and Blood Institute, National
Institutes of Health (NIH; Bethesda, MD, USA). Lipoprotein subclasses measurement was
performed by NMR in a Vantera clinical spectrometer, produced by LipoScience (Raleigh,
NC, U.S.A.). The NMR LipoProfile test by LipoScience involves measurement of the
400MHz proton NMR spectrum of samples and uses the characteristic signal amplitude of
the lipid methyl group broadcast by every lipoprotein subfraction as the basis for
quantification. NMR using the LipoProfile-3 algorithm was performed to quantify the
average particle size and concentrations of VLDL, LDL, and HDL. Subparticle
concentrations were determined for 3 VLDL subclasses (large or chylomicrons: >60nm;
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medium: 35–60nm; and small: 27–35nm); 3 LDL subclasses (intermediate-density
lipoprotein (IDL): 23–27nm; large: 21.2–23nm; and small: 18–21.2nm); and 3 HDL
subclasses (large: 8.8–13nm; medium: 8.2–8.8nm; and small: 7.3–8.2nm) [22]. LP-IR, a
lipoprotein particle-derived measure of insulin resistance [23] was also assessed.
2.6. Sample size and power analysis
Assuming a dropout rate of 15% and a Type I error of 0.05 (2-sided), a sample size of 32
individuals allows at least 80% power to detect a statistically significant difference among
groups of 1.5 µmol/L in the total HDL particle number. The population standard deviation of
this variable is 4.4µmol/L [17].
2.7. Statistical Analyses
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The normality of variables was assessed by the Kolmogorov-Smirnov test. We used the
Kruskal-Wallis test or 1-factor analysis of variance (ANOVA), as appropriate, with
Bonferroni correction for multiple comparisons, to determine differences in baseline
characteristics. Carryover effect was discarded by testing a period-by-treatment interaction
term in general linear models. Comparisons among changes were carried out by a covariance
model. Age, gender, sequence of olive oil administration, LDL-C, and baseline values were
the covariates. The P value for a trend among oils: from VOO to FVOO to FVOOT was
assessed. Statistical significance was defined as a P value less than 0.050 for a 2-sided test.
We performed analyses by using SPSS for Windows, version 22 (IBM corp., Armonk, NY,
USA).

3. Results
Author Manuscript

3.1 Characteristics of the study participants
From 62 subjects who were assessed for eligibility, 29 were excluded. Finally, 33 eligible
participants (19 men, 14 women) entered the study. One participant in each sequence
discontinued the intervention (Fig.1). We could not identify any adverse effects related to the
olive oils intake. No significant differences in participants’ baseline characteristics were
observed among sequences of olive oil administration, with exception of the small HDL
particles (s-HDL) which were slightly higher in sequence 3 versus 1 (Table 1). No changes
in daily energy expenditure in leisure-time physical activity were observed from the
beginning to the end of the study (data not shown).
3.2 Dietary intake and adherence
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Table 2 shows the daily dietary intake after intervention periods. Diet was similar in all
intervention groups. Participant adherence was good, as reflected in the changes in urinary
hydroxytyrosol sulfate and thymol sulfate excretion after olive oil interventions (Fig.2).
Hydroxytyrosol sulfate increased after FVOO (P<0.05). Thymol sulfate increased after
FVOOT, the change reaching significance versus those of the other two olive oils (P<0.05).
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Functional olive oils consumption did not change either glucose levels or the classical
cardiovascular lipid profile (TC, TG, LDL-C and HDL-C), nor ApoAI or ApoB100
concentrations versus VOO. An exception was a decrease in LDL-C after FVOO, which was
significant versus changes after the other two olive oil interventions (P<0.05) (Table 3). No
changes were observed in blood pressure or BMI associated with the interventions.
3.4. NMR lipoprotein particle counts and subclasses
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Total LDL-P, IDL-P and total ApoB100 containing lipoproteins concentrations decreased
after FVOO, the decrease reaching significance versus changes after VOO and FVOOT
(P<0.001). The decrease observed in small LDL particles after FVOO intervention was
statistically significant (P<0.05) when compared with the changes observed after FVOOT
intervention. LDL particle size decreased after FVOO intervention, the decrease reaching
significance versus changes after the other interventions (P<0.05) (Table 3).
Comparison among changes after interventions in HDL-related measures (Table 3) showed
that both FVOO and FVOOT promoted an increase in large HDL (I-HDL) particles versus
VOO (P<0.05). s-HDL particles decreased after FVOO intervention versus changes after
VOO and FVOOT (P<0.05). Both functional olive oils increased HDL particle size when
comparing with changes after the VOO intervention, the increase being higher after FVOO
(P<0.05). Both functional olive oils decreased medium VLDL particles versus VOO
intervention, the decrease being higher after FVOO (P<0.05). The average VLDL particle
size decreased after FVOO intervention, reaching significance versus changes observed after
the other two olive oil interventions (P<0.05).
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3.5. Atherogenic lipoprotein particle ratios and LP-IR
Figure 3 shows the results obtained in the atherogenic lipoprotein particle ratios and LP-IR
after FVOO and FVOOT versus control (VOO). The LDL-P/HDL-P ratio decreased after
FVOO (P<0.05) versus VOO and FVOOT (P<0.05). Both functional olive oils also
decreased the HDL-C/HDL-P and the s-HDL/1-HDL ratios (P<0.05). The decrease in sHDL/l-HDL after FVOO was higher than that after FVOOT (P<0.05). The LP-IR ratio also
decreased after both functional olive oils (P<0.05).

4. Discussion
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In this study, we assessed the effects of polyphenol-rich olive oils on lipoprotein particle
atherogenic ratios and subclasses distribution, as determined by NMR. From our results,
polyphenols from olive oil decreased LDL-C and the LDL-P/HDL-P ratio, and improved the
lipoprotein subclasses by decreasing total ApoB100 containing lipoproteins, LDL and IDL
particle concentration, as well as LDL and VLDL particle size. Both, polyphenols from olive
oil, and combined equally with those of thyme, decreased medium VLDL particles,
increased large HDL particles, decreased s-HDL/l-HDL and HDL-C/HDL-P ratios, and the
lipoprotein insulin resistance index (LP-IR) (P<0.05).
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LDL-C, LDL-P, LDL size, and the LDL-P/HDL-P ratio have all been shown to be directly
associated with the risk of coronary heart disease (CHD) [24, 25]. In the present work, olive
oil polyphenols decreased all these cardiovascular risk biomarkers. The decrease in LDL-C
observed is in agreement with that recently reported at postprandial state after extra-VOO
consumption [26]. Polyphenols from green tea and from herbs have shown to have
hypocholesterolemic effects lowering LDL-C in human [27] and animal models [28].
Mechanisms for explaining this effect are still unknown. The decrease in LDL-P after
polyphenol-rich olive oil consumption observed in this study is also in agreement with our
recent results from the EUROLIVE study with rich-polyphenol olive oil [29]. Concerning
the decrease in LDL size, depletion of cholesteryl esters and triglyceride enrichment of LDL
particles are associated with a decreased size, as well as an increased density of these
particles, and these properties reduce their affinity for the LDL receptor [30]. As a
consequence, small and dense LDL are likely to have an increased residence time in the
circulation, making them more susceptible to oxidation or glycosylation, which considerably
increases their atherogenic potential [31]. Olive oil polyphenols have shown to protect
human LDL in vivo from oxidation [7]. In this sense, on November 2011, the European
Food Safety Authority (EFSA) released a claim concerning the benefits of polyphenol-rich
olive oil consumption protecting the LDL from oxidation [32]. Of all LDL particle
biomarkers tested, the ratio LDL-P/HDL-P seems to have the strongest independent
association with CHD, with significant net reclassification improvements in the AHA/ACC
CHD risk scores [16].
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To date the strong epidemiological association between HDL-C and CHD has failed to be
translated into clinical benefit in terms of drug development. HDL, however, encompasses a
heterogeneous population of lipoproteins that differ in shape, density, size, surface charge,
and antigenicity that could exhibit differences in functionality irrespective of its cholesterol
content. Studies reporting associations between HDL particle subclasses and CHD have
been conflicting, and it is still unclear whether specific subclasses of HDL are more
cardioprotective [33]. In most, but not all population studies [34], small HDL particles are
considered to be more strongly associated with increased CHD risk than large HDL [35, 36].
High levels of small HDL particles and/or low levels of the large HDL ones are often present
in CHD, ischemic stroke, and type-II diabetes mellitus [37–39]. In our study we observed a
decrease in the s-HDL/l-HDL ratio after both functional olive oils consumption. Our results
agree with those previously obtained in the VOHF study, when, by using gradient
electrophoresis, an increase in the large less dense HDL (HDL2) and a decrease in the small
denser HDL (HDL3) after both functional olive oils was observed, although significance was
only reached for FVOOT [40]. Differences among results could be explained by the fact that
different methods (NMR versus gradient electrophoresis) and scores for HDL subclasses
classification were used.
A potentially important advance in cardiovascular biomarker testing related to HDL is the
HDL-C/HDL-P ratio and is considered to be a potential new measure of HDL
cardioprotective function [17, 41]. This ratio indicates the enrichment of the HDL particle in
cholesterol, and has been shown to be directly related with the atherosclerosis progression in
cardiovascular-free individuals [17]. In our study, both functional olive oils decreased the
HDL-C/HDL-P ratio versus a natural VOO. Thus, olive oil rich in its polyphenols and those
Mol Nutr Food Res. Author manuscript; available in PMC 2017 July 01.
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from thyme were able to decrease the cholesterol enrichment of HDL. The most likely
mechanism proposed to explain the benefits of this decrease is that cholesterol enrichment of
HDL impairs its ability to promote the efflux of cholesterol from peripheral cells, considered
to be one of the main HDL anti-atherogenic functions and inversely related to CVD risk.
This cholesterol efflux impairment can be explained by the fact that these cholesteroloverloaded HDLs may act as donor more than as acceptors of cholesterol from peripheral
tissues [42]. Moreover, HDL particles enriched in cholesterol may be less prone to be
recognized by hepatic SR-BI receptors and thus, cholesterol clearance may be compromised.
This fact can be explained by the assertion that myeloperoxidase enzyme oxidizes
phospholipids and ApoA1 present in large, dense HDL [43]. Moreover, as reviewed by Lee
et al., SR-BI have a lower binding affinity for oxidized phospholipids, blocking thus
cholesteryl esters transfer from oxidized HDLs to hepatic cells [44]. In addition, cholesterolenriched HDLs become more pro-inflammatory, as well as more prone to be oxidised, which
in turn impairs cholesterol efflux [17, 42].. In agreement with the results obtained in the
present study, we also previously reported that olive oil polyphenols increase the efflux of
cholesterol in vivo in humans [9], at least in part due via a transcriptomic effect [10].
Consumption of olive oils rich in polyphenols promoted a greater HDL stability, reflected in
a triglyceride-poor core, and decreased the HDL oxidative status, through an increase in the
olive oil polyphenol metabolites content in the lipoprotein [9].
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Dyslipidemia among individuals with type 2 diabetes is characterized not only by high TG
concentrations and low HDL-C concentrations, but also by decreases in the size of LDL and
HDL particles and increases in the size of VLDL particles [45].In individuals with insulin
resistance (IR) and diabetes, VLDL particle size is inversely associated with the glucose
disposal rate (GRD) [46] the gold standard for assessing insulin sensitivity, and directly
associated with incident hypertension [46]. In our study, FVOO consumption reduced the
VLDL particle size in dyslypemic individuals versus the other olive oils, and both functional
olive oils were effective, versus VOO, on reducing medium VLDL subclass concentration.
Larger VLDL particles have been associated with diabetes [45], and both large and medium
VLDL concentrations with hypertension [46]. The American College of Endocrinology Task
Force on the IR Syndrome states the clinical preventive value of identifying individuals with
IR [47]. One measure to assess IR is the LP-IR index derived from lipoprotein NMR
measurements. LP-IR is directly related with the HOMA index and inversely related with
GRD, and has been proposed as a simple method for assessing the risk to develop a
prediabetic or diabetic state [23].In agreement with all the other benefits derived from the
consumption of the functional olive oils on the lipoprotein subclasses, both FVOO and
FVOOT also decreased the LP-IR index in our dyslypemic individuals.
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In summary, sustained consumption of VOO enriched with its PC (FVOO), or equally
enriched with them and those of thyme (FVOOT), promoted benefits, particularly FVOO, on
lipoprotein subclasses distribution versus a natural virgin olive oil (VOO). Compared with
VOO consumption, both functional olive oils decreased the LP-IR index and the atherogenic
ratios: HDL-C/HDL-P ands-HDL/l-HDL. FVOO also improved the LDL-P/HDL-P ratio. To
the best of our knowledge this is the first time that a decrease in these atherogenic ratios
associated to a dietary intervention has been reported. Our results provide first level
evidence of the benefits of olive oil polyphenols and those from thyme on lipoprotein
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subclasses distribution and their associated ratios. Olive oil, a recognized healthy food, can
not, however, be readily consumed in large quantities. Thus, polyphenol-enriched olive oil is
a way of increasing its healthy properties while the same amount of fat is consumed. Data
from this study provide further evidence to recommend polyphenol-rich olive oil
consumption as a possibly useful and complementary tool for the management of
cardiovascular risk individuals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CHD

coronary heart disease

HDL-C

high density lipoprotein cholesterol

HPLC-ESI-MS/MS

high performance liquid chromatography-electrospray
tandem mass spectrometry

JUPITER

Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin

LDL-C

low-density lipoprotein cholesterol

LP-IR

Lipoprotein Insulin Resistance Index

MLTPAQ

Minnesota Leisure Time Physical Activity Questionnaire

NHANES

National Health and Nutrition Examination Survey
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Flow-chart of the study
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Figure 2.

Changes in urinary hydroxytyrosol sulfate and thymol sulfate after olive oil interventions.
VOO, virgin olive oil; FVOO, functional virgin olive oil enriched with its phenolic
compounds (500 ppm); FVOOT, functional olive enriched with its phenolic compounds (250
ppm) and those from thyme (250 ppm). *P < 0.05 versus VOO; † P< 0.001 versus FVOO.
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Figure 3.

Author Manuscript

Changes (mean ± S.E.M) in atherogenic lipoprotein particle atherogenic ratios ratios and
lipoprotein insulin resistance index (LP-IR) after consumption of functional olive oils versus
natural virgin olive oil (VOO). FVOO, functional virgin olive oil enriched with its phenolic
compounds (500 ppm); FVOOT, functional olive enriched with its phenolic compounds (250
ppm) and those from thyme (250 ppm). LDL-P, low density lipoprotein particleconcentration; HDL-P, high density lipoprotein particle-concentration; HDL-C, HDL
cholesterol; s-HDL, small HDL lipoprotein particle concentration; l-HDL, large HDL
lipoprotein particle concentration. *P<0.001 versus VOO. Differences between functional
olive oils are indicated by square brackets with the corresponding significance.
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Table 1
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Baseline characteristics of the study participants.
Variable

Sequence 1

Sequence 2

Sequence 3

Age (y)

54.9 ± 12.6

55.3 ± 11.9

55.5 ± 7.8

5/6

7/4

7/4

25.6 ± 3.7

26.3 ±5.2

27.8 ± 4.7

3499
(1755–8092)

1189
(742–1687)

3322
(861–3664)

Systolic blood pressure (mmHg)

125 ± 18.7

128 ± 16.7

130 ± 17.9

Diastolic blood pressure (mmHg)

68.1 ± 13.5

72.3 ± 9.3

71.9 ± 13.4

Glucose (mg/dL)

88.5 ± 11.6

93.0 ± 13.3

90.9 ± 10.5

Total cholesterol (mg/dL)

228 ± 42.7

232 ± 32.7

219 ± 31.2

LDL cholesterol (mg/dL)

150 ± 32.3

152 ± 28.5

142 ± 25.7

ApoB100 (mg/dL)

115 ± 0.21

117 ± 0.18

109 ± 0.16

Total

1473 ± 348

1420 ± 319

1322 ± 254

IDL

297 ± 95.1

295 ±165

289 ±79.4

Large

593 ± 139

515 ± 152

433 ± 227

Small

600 ± 389

560 ± 381

464 ± 199

21.2 ± 0.69

21.1 ± 0.71

21.0 ± 0.60

94 (75 – 149)

119 (95 – 168)

117 (81 – 126)

Total

54.5 ± 36.1

65.6 ± 26.6

59.4 ± 32.0

Large

3.8 ± 4.6

5.3 ± 4.2

2.8 ± 2.1

Medium

16.2 ± 11.5

20.2 ± 11.3

16.8 ± 10.7

Small

35.0 ± 26.2

39.6 ± 16.5

39.5 ± 21.9

Gender (male/female)
Body mass Index

(kg/m2)

Physical activity (METs.min/w)

LDL measures

Author Manuscript

NMR LDL particle concentration (nmol/L)

Average NMR LDL particle size (nm)
VLDL measures
Triglycerides, mg/dL
NMR VLDL particle concentration (nmol/L)

Author Manuscript

Average NMRV VLDL particle size (nm)

45.8 ± 9.7

48.2 ± 5.5

45.3 ± 3.8

1517± 310

1478 ± 298

1384± 235

HDL cholesterol (mg/dL)

52.8 ± 11.7

53.0 ± 12.8

53.4 ± 9.5

ApoAI (mg/dL)

142 ± 0.23

137 ± 0.21

147 ± 0.16

35.6 ± 5.9

34.6 ± 5.3

38.0 ± 4.0

Large

7.0 ± 3.8

6.2 ± 3.4

6.6 ± 2.6

Medium

13.0 ± 6.2

9.2 ± 6.3

9.3 ± 4.7

Small

14.4 ± 6.1

18.0 ± 5.2

21.1 ± 4.9*

9.4 ± 0.63

9.3 ± 0.54

9.2 ± 0.34

NMR ApoB100-containing particles
concentration (nmol/L)
HDL measures

NMR HDL particle concentration (µmol/L)
Total

Author Manuscript

Average NMR HDL particle size (nm)

Values are expressed as means ± SD or median (25th–75th percentile). Sequence 1: FVOO, FVOOT, VOO; Sequence 2: FVOOT, VOO, FVOO;
Sequence 3: VOO, FVOO, FVOOT.

*

P<0.05 versus Sequence 1
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42.1
(39.6–45.1)
19.8
(18.8–21.4)
38.7
(35.5–41.9)
16.2
(14.8–17.6)
4.5
(4.21–4.9)
11.3
(9.9–12.8)
108
(83.8–132)
5.6
(4.7–6.6)
0.25
(0.00 to 0.5)
7.41
(4.5 to 10.3)
3.05
(1.6 to 4.5)

Carbohydrate (%)a

Protein (%)a

Total fat (%)a

Monounsaturated fat (%)a

Polyunsaturated fat (%)a

Saturated fat (%)a

Vitamin C (g)

Vitamin E (mg)

Vitamin K (µg)

Alcohol (g)

Wine (g)b
−0.87
(−2.5 to 0.8)

1.43
(−0.9 to 3.7)

−0.33
(−0.8 to 0.2)

−0.37
(−1.2 to 0.5)

10.6
(−12.6 to 33)

−1.08
(−2.7 to 0.5)

−0.29
(−0.7 to 0.1)

−1.51
(−3.1 to 0.1)

−2.44
(−5.9 to 1.1)

1.35
(−0.4 to 3.1)

1.24
(−1.4 to 3.9)

−92.4
(−268 to 83)

Change

4.05
(2.1 to 6.0)

7.47
(4.9 to 10.1)

0.19
(0.05 to 0.3)

5.9
(4.7–7.2)

117
(94.9–139)

11.6
(9.6–13.6)

4.8
(4.3–5.2)

16.2
(14.4–18.0)

37.5
(34.5–40.6)

19.8
(18.2–21.3)

42.6
(40.0–45.1)

1914
(1758–2070)

Post-Intervention

FVOO

1.30
(−0.23 to 2.8)

0.54
(−1.7 to 2.8)

0.21
(0.04 to 0.4)

−0.16
(−1.4 to 1.06)

−9.49
(−38 to 19.2)

0.82
(−1.0 to 2.6)

−0.10
(−0.7 to 0.5)

0.08
(−2.1 to 2.3)

−0.73
(−5.3 to 3.8)

−0.05
(−2.4 to 2.3)

−1.32
(−4.6 to 2.0)

−2.67
(−220 to 215)

Change

4.63
(2.6 to 6.7)

9.49
(5.4 to 13.5)

5.30
(−5.1 to 15.6)

6.4
(5.–7.5)

125
(94.1 – 155)

10.7
(9.0–12.4)

4.9
(4.4–5.4)

16.1
(14.8–17.4)

38.3
(35.4–41.3)

19.7
(18.1–21.4)

42.5
(39.7–45.4)

1899
(1687–2111)

Post-Intervention

0.31
(−1.0 to 1.6)

−1.03
(−2.9 to 0.8)

4.99
(−5.4 to 15)

0.13
(−1.6 to 1.8)

12.1
(−22 to 46)

−1.50
(−3.3 to 0.3)

0.21
(−0.5 to 0.9)

−0.47
(−2.2 to 1.3)

−3.20
(−6.5 to 0.1)

0.13
(−2.1 to 2.4)

1.67
(−1.1 to 4.4)

−120
(−338 to 96)

Change

Grams of alcohol per day consumed in white and red wine.

b

a
Expressed as percentage of total energy intake.

Values are means (95% CI) of data obtained from the 3-day dietary record obtained after each intervention period. VOO, virgin olive oil (control); FVOO, functional virgin olive oil, a VOO enriched with its
polyphenols (PC) 500 mg/kg of PC from VOO); FVOOT, functional virgin olive oil, a VOO enriched with PC from VOO (250 mg/kg) and PC from thyme (250 mg/kg).

1882
(170–2057)

Energy (kcal)

Post-Intervention

VOO

Olive oil intervention
FVOOT

Author Manuscript
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108

ApoB100 (mg/dL)

238
491
586
21.2

IDL

Large

Small

Average NMR LDL
particle size (nm)
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−0.5 (−5.9 to 4.8)

145

ApoAI (mg/dL)

2.83 (−4.0 to 9.6)

0.14 (−2.4 to 2.7)

0.02 (−0.04 to 0.1)

−2.5 (−21 to 16)

−20 (−8.1 to 48)

−13 (−40 to 14)

−3.2 (−40 to 34)

36.5

7.1

Total

Large

−0.15(−0.3 to−0.03)

−0.37(−0.7 to −0.09)

NMR HDL particle concentration (µmol/L)

52

HDL cholesterol (mg/dL)

HDL measures

1392

Total

Change

1.0 (−3.2 to 5.2)

NMR LDL particle concentration (nmol/L)

139

Postinter

LDL cholesterol (mg/dL)

LDL measures

Variable

VOO

7.2

35.8

142

53

21.1

548

480

228

1353

109

140

Postinter

0.10
(−0.01 to
0.2)

−0.70
(−1.0 to
−0.4)

−1.96
(−7.5 to
3.6)

−0.73
(−3.5 to
2.1)

−0.10
(−0.16 o
−0.04)

−6.7 (−23
to 9.7)

−8.8 (−34
to 16)

−69 (−95
to −44)

−109
(−145 to
−74)

−3.8 (−10
to 2.4)

−13 (−17
to −9.4)

Change

FVOO

Olive Oil Intervention

7.1

36.4

144

53

21.3

543

502

238

1403

110

139

Postinter

0.06 (−0.06 to 0.2)

−0.005 (−0.3 to 0.3)

0.74 (−4.2 to 5.7)

0.86 (−1.8 to 3.5)

0.03 (−0.02 to 0.09)

20 (3.4 to 37)

−1.6 (−28 to 25)

−13 (−40 to 13)

7.0 (−29 to 43)

2.0 (−2.9 to 6.9)

0.24 (−3.9 to 4.4)

Change

FVOOT

<0.05*†

0.003†

ns

ns

0.001†

ns

ns

0.001†

<0.001†

ns

<0.001†

Pvalue
for
trend

0.25 (0.1 to 0.4)§

−0.33 (−0.7 to 0.6)

−6.4 (−16 to 3.9)

−0.91 (−4.8 to 3.0)

−0.12(−0.2 to −0.03)§

−4.1 (−29 to 21)

−29 (−66 to 9.1)

−56 (−93 to −19)§

−106 (−157 to −55)§

−3.2 (−10 to 3,9)

−14 (−20 to −8.6)§

FVOO vs VOO

0.20 (0.04 to 0.4)§

0.4 (−0.03 to 0.8)

−6.7 (−16 to 3.1)

0.72 (−2.7 to 4.2)

0.02 (−0.07 to 0.1)

23 (−2.5 to 48)

− 21 (−60 to 17)

−0.39 (−38 to 37)

10 (−42 to 62)

2.5 (−5.0 to 10)

−0–76 (−6.6 to 5.1)

FVOOT vs VOO

−5. 8 (−14 to 3.0)

−14 (−19 to −7.9)§

FVOO vs FVOOT

0.05(−0.1 to 0.2)

−0.70 (−1.1 to −0.3)§

0.26 (−6.1 to 6.2)

−1.6 (−5.7 to 2.5)

−0.14 (−0.2 to −0.05)
§

−27 (−50 to −3.4)§

−7.1 (−44 to 29)

−56 (−93 to −19)§

−116 (−167 to −66)§

Between-group differences

Changes (95%CI) in Total Lipoprotein Particles and Subclasses after 3-weeks of Sustained Consumption of Virgin Olive Oil (VOO) and two functional
olive oils, enriched with VOO phenolic content (FVOO) and with them and phenolic compounds from thyme (FVOOT).
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19.3
9.2

Small

Average NMR HDL
particle size (nm)

76

VLDL-Trigl (mg/L)

0.51 (−0.3 to 1.3)

−1.77 (−34 to 31)

3.5

17.2

45.0
45.2

1453

Large

Medium

Small

Average NMR VLDL
particle size (nm)

ApoB100 containing
lipoproteins (nmol/L)
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1414

45.2

41.8

15.4

3.9

61

75

120

9.3

17.2

10.0

Postinter

−96
(−127 to
−65)

−1.64
(−2.4 to
−0.8)

6.1 (1.3 to
11)

−2.93
(−3.8 to
−2.1)

0.21
(−0.05 to
0.5)

3.43 (−1.3
to 8.2)

−0.43
(−3.4 to
3.3)

3.8 (−14
to 21)

0.04 (0.01
to 0.08)

−0.24 (−1
to 0.7)

−0.83 (−2
to 0.3)

Change

FVOO

1461

45.0

43.2

16.8

3.5

64

76

124

9.3

19.5

8.9

Postinter

4.67 (−27 to 36)

−0.14 (−0.9 to 0.7)

−0.17 (−5.2 to 4.8)

−1.11 (−2.0 to− 0.2)

−0.13 (−0.4 to 0.1)

−1.29 (−6.2 to 3.6)

−2.1 (−5.6 to 1.3)

3.8 (−14 to 22)

−0.01(−0.05 to 0.02)

2.0 (1 to 3)

−1.8 (−3 to −0.7)

Change

FVOOT

<0.001†

<0.001†

ns

0.05*†

ns

ns

ns

ns

<0.05*†

<0.01†

ns

−94 (−135 to −50)§

−2.16 (−3.3 to −1.0)§

4.1 (−2.9 to 11)

−3.5 (−4.7 to −2.2)§

0.13 (−0.2 to 0.5)

1.85 (−5.1 to 8.8)

−1.0 (−5.8 to 3.8)

11.7 (−13 to 36)

0.12 (0.07 to 0.17)§

−1.77 (−3 to −0.3)§

0.86 (−0.8 to 2.5)

FVOO vs VOO

6.44 (−39 to 52)

−0.65 (−1.8 to 0.5)

−2.2 (−9.3 to 5.0)

−1.7 (−2.9 to −0.4)
§

−0.21 (−0.6 to 0.2)

−2.8 (−9.9 to 4.1)

−3.1 (−8.0 to 1.8)

11.6 (−13 to 36)

0.06 (0.01 to 0.1)§

0.47 (−1. to 1..9)

−0.14 (−1.8 to 1.5)

FVOOT vs VOO

6.3 (0.6 to 13)

−1.8 (−3.1 to −0.6)§

0.34 (−0.03 to 0.7)

4.75 (−2.1 to 12)

2.1 (−2.7 to 6.9)

0.06 (−25 to 25)

0.05(0.003 to 0.1)§

−2.2 (−4 to −0.8)§

1.0 (−0.6 to 2.6)

FVOO vs FVOOT

−101 (−57 to −145)§

−1.51 (−2.6 to −0.4)§

Between-group differences

quadratic trend; ns, non significant;

linear trend;

†

*

P value for trend across oils:

Post-inter, Post-intervention values. P value, P value for trend among oils: VOO, FVOO, FVOOT. LDL, low density lipoproteins. IDL, intermediate density lipoproteins. HDL, high density lipoproteins.
VLDL, very low density lipoproteins. Adjusted by age sex, sequence, LDL-C, and baseline values.

2.01 (−3.1 to 7.1)

0.55 (−0.4 to 1.4)

0.08 (−0.2 to 0.4)

65

1.58 (−3.4 to 6.6)

0.96 (−2.5 to 4.4)

−7.9 (−25 to 9.1)

−0.08 (−0.1 to −0.04)

1.53 (0.5 to 2.6)

−1.69 (−3 to −0.5)

Change

Total

NMR VLDL particle concentration
(nmol/L)

119

Triglycerides (mg/dL)

VLDL measures

9.0

Medium

Postinter

VOO
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Variable

Author Manuscript
Pvalue
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trend

Author Manuscript
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