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ABSTRACT
Platelet Activating Factor (PAF) is a pro-inflammatory mediator of atherogenesis. Food enriched with PAF 
inhibitors may have potential cardioprotective properties. For this purpose, we created a yogurt enriched 
with PAF inhibitors derived from byproducts of olive oil industry, which was consumed by volunteers in order 
to investigate whether its consumption can affect favorable cardiovascular risk factors. Ninety two (n=92) 
apparently healthy volunteers (35-65 years) were randomized into three groups based on age, sex and BMI. 
Volunteers in the Group A consumed a maximum of one plain yogurt every 2 weeks, volunteers in the Group 
B consumed a non-enriched yogurt daily and volunteers in the Group C ate an enriched yogurt daily. The 
intervention lasted eight weeks. Biological samples (blood, urine and faeces) were collected at the begin-
ning, in the meantime and at the end of intervention. The article aims to present the rationale, the detailed 
methodology and the baseline characteristics of the three intervention groups. 
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Introduction

Cardiovascular diseases (CVD) represent the main cause 
of mortality globally1 and the research on their underlying 
biochemical mechanisms is crucial. Our research team 
has suggested a theory that indicates Platelet-Activating 
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Factor (PAF) as a key player for the development of ath-
erosclerotic plaques.2 PAF is the first known phospholipid 
mediator and its chemical structure (1-O-alkyl-2-acetyl-
sn-glyceryl-phosphatidylcholine), was elucidated by Pro-
fessor Demopoulos in 1979.3 PAF is produced by most 
cells that participate in atherosclerosis progression. Its 
production is highly augmented under conditions (in-
flammation, oxidative stress, endothelial damage) that 
also favor atherosclerosis. The released PAF acts in an 
autacoid, paracrine or juxtacrine fashion in neighboring 
cells initiating a plethora of intracellular and extracellular 
events that ultimately damage endothelium and initiate 
atherosclerosis.4

The role of diet on the development and progres-
sion of CVD has long been studied,5 however, there is 
very limited evidence on the interactions between PAF 
and dietary compounds and their effect on CVD risk, 
especially in humans. Our team has already contributed 
to this area by identifying and chemically elucidating 
dietary inhibitors of PAF’s synthesis and actions.6 We have 
especially focused on typical foods of the Mediterranean 
Diet, trying to understand whether the cardioprotective 
role of this dietary pattern could also be attributed to the 
presence of PAF inhibitors in these Mediterranean foods.7 
Our studies reported the presence of PAF inhibitors in the 
lipid fractions of yogurt, honey, cheese, fish and wine.8-11 
We have also demonstrated the existence of strong PAF 
inhibitors in a polar lipid extract of olive oil (OOPLE), 
which also exerts antiatherogenic properties in animal 
models.12 The incorporation of this fraction in foods that 
are consumed on a daily basis could lead to the develop-
ment of functional foods with anti-inflammatory and thus 
cardioprotective properties. A reasonable argue against 
the production of a food enriched in olive oil polar lipids 
is that the intake of such molecules can be achieved in 
reasonable amounts by the daily consumption of olive oil 
especially in the countries of the Mediterranean region. 
However, it is doubtful that the usual daily consumption 
of olive oil ensures the adequate consumption of its polar 
lipids, at least in amounts that exert anti-atherosclerotic 
effect. This hypothesis is supported by the results of a 
previous study of our team in hypercholesterolemic rab-
bits, which showed that OOPLE reduces atherosclerotic 
plaque formation much more efficiently than olive oil 
containing the same amount of OOPLE.13 On the other 
hand, olive oil is a rather expensive raw material for the 
extraction of OOPLE since large quantities of it should 
be extracted for the production of adequate quantities 
of the extract. Under this perspective, our team looked 
for alternative sources of this extract such as olive oil mill 
byproducts. The research for PAF inhibitors in the various 
stages of olive oil and seed oil extraction showed that 

these biologically active lipids (BAL) are mainly contained 
in the very wet olive cake remaining (WOC), while the 
most potent of them were structurally characterized.14 
Moreover, WOC contains much higher concentrations of 
phenolic/polyphenolic molecules in comparison to olive 
oil. Thus, WOC constitutes a rich source of PAF inhibitors 
and biophenols, molecules with a wide range of biologi-
cal activities. 

According to a recent meta-analysis that includes 
epidemiological, prospective cohort and cross-sectional 
studies, daily yogurt consumption is inversely associated 
with metabolic syndrome components.15 Moreover, pre-
liminary results have shown that the consumption of a 
functional yogurt, enriched with bioactive lipids (BAL) from 
WOC could attenuate atherosclerotic plaque formation, in 
cholesterol-fed rabbits.16 The promising outcomes of the 
animal studies allowed our team to proceed to human 
studies in order to evaluate if the daily consumption of 
such a yogurt could favorably modulate cardiovascular risk 
factors in apparently healthy adults aged 35-65 years old. 

Study Design

Overall study design

This was a randomized, three arm, double-blinded, 
placebo-controlled, parallel-group study designed to 
evaluate if the daily consumption of a low-fat plain yogurt, 
enriched with BAL could favorably modulate cardiovas-
cular risk factors of apparently healthy volunteers aged 
35-65 years old. The study took place at the Department 
of Nutrition and Dietetics of Harokopio University in 
Athens, Greece and was registered in ClinicalTrials.gov 
(NCT02259205).

Bioethics

This study was conducted according to the guidelines 
laid down in the Declaration of Helsinki (1989) of the World 
Medical Association and all procedures involving human 
subjects were approved by the Bioethics Committee of 
Harokopio University (40/30-10-2013). Written informed 
consent was obtained from all subjects before their inclu-
sion in the study.

Participants

Eligible participants were apparently healthy adults 
aged 35–65 years old. Volunteers were recruited through 
word of mouth, electronic and paper media advertise-
ments. Exclusion criteria were the history of cardiovascular 
or any other inflammatory disease, presence of cold or flu, 
pregnancy, acute respiratory infection, dental problems, 
renal/hepatic diseases and medical treatment. Prior to 
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intervention all participants were informed about the 
aims and procedures of the study and signed an informed 
consent. Initially, 170 individuals responded to our call 
however only 92 met the inclusion criteria and signed 
the informed consent. The enrolled participants were 
randomized to one of the three groups of the study 
described below.

Intervention

Volunteers were randomly allocated (block-randomi-
zation) into three intervention groups. Participants in 
Group A were advised to continue their regular diet and 
consume a maximum of one plain yogurt every 2 weeks. 
Participants in Group B were advised to continue their 
regular diet and consume one plain, non-enriched yogurt, 
every day and those in group C were advised to continue 
their regular diet and consume one BAL-enriched yogurt 
every day. The intervention lasted 8 weeks. Volunteers’ 
adherence to the study protocol was assessed by two 24h 
recalls every two weeks conducted by trained personnel. 
Blood and urine samples were collected at baseline, at 4th 
week and at 8th week of the intervention while faeces were 
collected at baseline and at the end of the intervention 
for the enumeration of selected gut bacteria. A flow chart 
of the protocol was presented in Figure 1.

Primary and secondary outcomes of the study

The primary outcome of this study is to determine 
whether the consumption of a yogurt rich in PAF antago-
nists and phenolic compounds can induce changes of 
platelet activity. Platelet activity is assessed by measuring 

the ex vivo platelet sensitivity to classical in vivo activa-
tors of platelets, namely, PAF, ADP and thrombin (in the 
form of TRAP). Secondary outcomes of this study include 
changes in basic and novel cardiometabolic risk factors, 
such as indices of the glycemic (fasting glucose, insulin, 
HOMA-IR), lipidemic profile (triglycerides, LDL-C, HDL-C, 
total cholesterol), subclinical inflammation (CRP, TNFa, 
IL-6, IL-10), LpPLA2 and dietary changes of the popula-
tion (Figure 2). 

Safety monitoring

All volunteers were questioned at follow-up visit and at 
24h telephone recalls for any potential side effects to the 
treatment, particularly gastrointestinal side effects. Gastro-
intestinal symptoms and possible side effects from yogurt 
consumption were assessed through validated question-
naires.17 Stool frequency and consistency of evacuations 
using the Bristol Stool Scale were also recorded.18

Randomization

Participants underwent block randomization according 
to gender, age and BMI. The distribution of participants in 
relation to the above variables was based on published 
data for the population of Greece, namely: a) in terms of 
the Body Mass Index, based on data from the epidemio-
logical study ATTICA,19 b) in terms of gender, based on 
the 2011 national report, considering 50% men and 50% 
women in each group20 and c) in terms of age, it was also 
decided to allocate 50% between 35-51 years old and 
50% between 51-65 years old.

Production of the enriched yogurt

Low fat plain yogurts (placebo) along with low-fat 
enriched yogurts were flavored with strawberry and were 
provided during the whole duration of the intervention 
by a Greek dairy industry (MEVGAL SA). The serving of 
both the plain and the enriched yoghurt was 150g. The 
yogurts, were produced by a pilot scale manufacturing 
line, and were physicochemically tested for their con-
centration in macronutrients and microbial parameters 

Figure 2. Study outcomes.Figure 1. Flowchart of volunteers’ recruitment.
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such as number of lactic acid bacteria, coliforms etc. The 
amount of enrichment with PAF inhibitors in yogurt was 
stable and was tested to be 0.6% w/w. A chemical analy-
sis of the two yoghurts was performed to determine the 
phenolic and biphenol components, three different time 
periods. The two yoghurts did not differ in the amount 
of these ingredients. In particular, plain yogurt contained 
2.1±0.3mg phenolic compounds/g of lyophilized sample 
and 1.1±0.2mg of o-diphenolic compounds/g lyophilized 
sample while enriched yogurt contained 2.3±0.2 mg phe-
nolic compounds/g lyophilized sample and 0.8±0.1mg of 
o-diphenolic compounds/g lyophilized sample. The results 
presented are the mean values of experiments performed 
at three different time periods and no significant difference 
was detected between these time periods. 

Various concentrations of enrichment with PAF inhibi-
tors were tested. After organoleptic controls with trained 
volunteers it was found that 0.6% enrichment in yogurt 
was the highest acceptable. 

The yogurts were delivered to volunteers in adequate 
amounts, on a weekly basis at pre-set dates to ensure their 
freshness. The composition of the plain and the enriched 
yogurt is shown in Table 1.

Dietary and lifestyle evaluation  
of the volunteers

Dietary intake of the participants at baseline and dur-
ing the intervention were evaluated at a nutrient, food 
group and dietary pattern level using information from 
24-h recalls and a food-frequency questionnaire. More 
particularly, three 24-h recalls were collected at baseline, 
at 4 weeks and by the end (8 weeks) of the intervention 
period. The type of foods consumed (e.g., in terms of 

fat-content, brand name, constituents of mixed dishes, 
etc.), and the quantities or volumes were recorded in 
detail, using common household or other measures. Data 
from recalls were analyzed for their energy, macro- and 
micronutrient content by the Nutritionist Pro, version 2.2 
software (Axxya Systems-Nutritionist Pro, Stafford, TX, 
USA), using a hand-coding procedure. The Nutritionist 
Pro food database was expanded by adding analyses 
of traditional Greek food and recipes. Adherence to the 
dietary intervention was evaluated on a regular basis by 
trained dietitians using 24-h recalls. 

The food frequency questionnaire was validated for 
the Greek population.21 Responses were converted to 
daily or weekly intakes of specific food items and were 
grouped into food groups featuring the core foods of the 
traditional Greek diet.22 Adherence to the Mediterranean 
pattern was evaluated through the Mediterranean Dietary 
Score (MedDiet Score) proposed by Panagiotakos et al.23 
The scoring is based on the weekly consumption of eleven 
food groups and an individual score for each component 
is calculated, ranging from 0-5. The total MedDiet score 
ranges from 0 to 55, with higher values indicating greater 
adherence to the Mediterranean dietary pattern.

Baseline information about smoking habits, stress and 
socio-demographic conditions that may influence the 
investigated outcome were recorded through a standard 
questionnaire,24 that was developed for the purposes of 
the study. Physical activity was assessed with the use of 
a validated questionnaire (IPAQ-short version) and was 
expressed in metabolic equivalents minutes per week 
(MET-min-week).25

Anthropometric and clinical measurements

Weight and height were measured in light clothing, 
without shoes. Body mass index was then calculated as 
weight (kg) divided by height2 (m2). Waist circumference 
was measured between the superior iliac crest and the 
lower rib margin in the midaxillary line and hip circumfer-
ence as the maximal horizontal circumference at the level 
of the buttocks. Both circumferences were measured to 
the nearest 0.1 cm and waist-to-hip ratio was calculated. 
Resting arterial blood pressure was measured three times 
in the right arm with subject in sitting position.

Blood collection and isolation of biological 
samples

Fasting venous blood (50 mL) was collected at baseline 
and at 4 and 8 weeks from the brachial vein and separated 
in EDTA and heparin-containing vacutainers, in adenine-
citrate-dextrose polyethylene tube and in a vacutainer 
containing no anticoagulant. 

Table 1. Composition of the plain and enriched yogurt 

Plain 
Yoghurt

Enriched 
Yoghurt

Cow’s skimmed milk and cream 
and milk proteins (% w/w)

84 83.4

Strawberry supplement (% w/w) 16 16

Polar lipid extract (% w/w) 0 0.6

Energy (kJ/kcal) 356/85 356/85

Total Fat (g/100g) 1.0 1.0

Saturated Fat (g/100g) 0.6 0.6

Total Carbohydrate (g/100g) 14 14.2

Sugars (g/100g) 13 13

Proteins (g/100g) 5 5

Sodium (g/100g) 0.1 0.1
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For the isolation of leukocyte homogenates 5 milliliters 
of heparinized blood were obtained from each volunteer. 
In order to induce erythrocyte sedimentation, 1.7 mL of 
dextran solution (3% dextran in NaCl 0.15 M) was added 
and the mixture was kept for 1 h at room temperature. 
The leukocyte rich supernatant was then centrifuged at 
500×g for 10 min at room temperature. Contaminating 
erythrocytes of the sediment were lysed with the addi-
tion of a lysis solution consisting of 155 mM NH4Cl, 10 
mM KHCO3 and 0.1 mM EDTA and then removed with a 
centrifugation at 300 ×g for 10 min at room temperature. 
The pelleted cells were resuspended in 1 mL of a buffer 
containing 50 mM Tris–HCl (pH 7.4) and then sonicated on 
ice for 4 times of 10 sec each. The leukocyte homogenate 
was aliquoted and stored at -80 °C. 

For the isolation of red blood cells (RBC) EDTA-antico-
agulated blood was centrifuged at 1500×g for 10 min. The 
RBC pellet was washed 3 times with saline solution (0.9% 
NaCl) and packed RBCs were stored at -80 oC.

Hematological and biochemical measurements

Complete blood count was determined in EDTA antico-
agulated whole blood with a Mindray BC-3000 hematology 
analyzer (Mindray, Shenzhen, P.R. China). 

Serum glucose, triacylglycerols, total cholesterol, and 
HDL-C were determined enzymatically with an ACE bio-
chemical analyzer (Schiapparelli Biosystems, Fairfield, NJ) 
using reagents from Alfa Wassermann (Woerden, the 
Netherlands). Serum insulin was determined by an im-
munoenzymometric assay on an AIA 600 II enzyme im-
munoassay system (Tosoh, Tokyo, Japan). LDL cholesterol 
was calculated by the Friedewald formula.26

CRP and IL-6, adiponectin and IL-10 were determined 
in serum by commercially available ELISA kits [IL-6 (IBL 
international), IL-10 (BioLegend), CRP, adiponectin and 
insulin (Invitrogen)].

Ex vivo human platelet-rich plasma aggregation

Blood (10 mL) was collected in polypropylene tubes 
containing 0.065 mol/L citric acid and 0.085 mol/L triso-
dium citrate as anticoagulant (blood to anticoagulant 
ratio of 9:1). Platelet-rich plasma (PRP) was obtained by 
centrifugation at 173g for 8 minutes at 24°C. Platelet-poor 
plasma (PPP) was obtained by further centrifugation of the 
residue at 1.120g for 20 minutes at 24°C. The concentra-
tion of platelets in the PRP was adjusted to 500.000 cells 
per microliter by adding appropriate amount of PPP to 
the PRP of the same donor.

The aggregation induced by various concentrations 
of PAF, TRAP and ADP was measured in human PRP. The 
maximum reversible or the least non reversible aggre-

gation was evaluated for PAF and ADP to assess 100% 
aggregation. The plot of percentage aggregation (rang-
ing from 20% to 80%) vs different concentrations of the 
aggregatory agent was constructed. From this curve, the 
concentration of each aggregatory agent that induces 
50% of maximum aggregation was calculated. This value 
was defined as the EC50, namely, equivalent concentration 
for 50% aggregation.

Statistical analysis

Statistical power analysis revealed that 25 participants 
in each arm was adequate to achieve statistical power 
equal to 83% at 5% significance level of two-sided hypoth-
eses that evaluated 1 standard deviation (SD) difference 
of EC50 between groups.

Normality was tested with the Kolmogorov–Smirnov 
criterion. Normally distributed continuous variables are 
presented as mean values± standard deviation, while 
skewed variables as median and 25th–75th quartiles. 
Categorical variables were presented as relative frequen-
cies (%). Differences in the mean values of subjects’ base-
line characteristics between the different intervention 
groups were assessed by analysis of variance (ANOVA) 
after checking for homoscedasticity using the Levene 
test. Associations between categorical variables were 
evaluated using the x2 test. If the variables were skewed 
the non-parametric Kruskal-Wallis test was performed. 
All reported P-values were based on two-sided tests and 
compared to a significance level of 5%. SPSS 21 (SPSS Inc., 
Chicago, IL, USA) software was used for statistical analysis.

Baseline characteristics of volunteers 

The baseline demographic, clinical, lifestyle, anthro-
pometric, biochemical, hematological and platelet aggre-
gation parameters of the volunteers are shown in Tables 
2-5. No differences between groups were found for age, 
BMI, blood pressure, lipid profile (total cholesterol, HDL 
cholesterol, LDL cholesterol and triacylglyrerols) and 
glucose levels.

Discussion

The current paper outlines the protocol for a rand-
omized controlled trial aimed at evaluating the impact of 
a new functional enriched yogurt on various risk factors 
for atherothrombosis. Functional foods comprise the 
most dynamic sector of food industry, nowadays. Food 
scientists are interested in identifying, characterizing, and 
delivering bioactive agents (nutraceuticals) in foods designed 
to prevent or treat diseases. These “nutraceuticals” are claimed 
to have health benefits over and above their traditional role in 
human nutrition, including the ability to inhibit inflammation 
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Table 2. Baseline characteristics of the study population 

Group Α
(control group)

Group Β
(plain yogurt)

Group C
(enriched yogurt)

p

Men/Women 16/14 13/13 15/14 0.75

Smoking (Yes/No) 14/16 12/13 10/19 0.19

Age (years) 49.2 ± 8.9 48.8 ± 9.2 46.7 ± 8.5 0.53

Systolic blood pressure (mmHg) 125.2 ± 17.8 128.7 ± 17.3 120.6 ± 12.3 0.17

Diastolic blood pressure (mmHg) 76.5 ± 9.3 77.4 ± 9.2 73.5 ± 8.7 0.24

BMI (kg/m2) 27.7 ± 6.4 28.4 ± 3.9 27.2 ± 3.6 0.63

Glucose (mg/dL) 95.3 ± 18.2 98.4 ± 10.8 99.9 ± 30.6 0.69

Triacylglycerols (mg/dL) 112.8 ± 59.0 120.7 ± 49.3 115.1 ± 50.5 0.86

HDL-cholesterol (mg/dL) 53.2 ± 15.7 54.0 ± 12.6 54.5 ± 12.7 0.97

LDL- cholesterol (mg/dL) 134.4 ± 35.6 133.9 ± 25.6 141.8 ± 32.2 0.78

Insulin (μU/mL) 12.1 ± 8.4 10.9 ± 5.9 11.5 ± 8.2 0.83

Values are given as means+SDs apart from categorical variables which are given as absolute numbers.

Table 3. Baseline values of blood count parameters of the study population. 

Group Α
(control group)

Group Β
(plain yogurt)

Group C
(enriched yogurt)

p

WBC (103/μL) 6.74 ± 1.78 5.97 ± 1.45 6.17 ± 1.74 0.18

RBC (106/μL) 4.86 ± 0.50 4.68 ± 0.41 4.69 ± 0.51 0.22

Hct (%) 40.50 ± 4.83 40.48 ± 4.73 41.53 ± 5.37 0.28

HGB (g/dL) 13.75 ± 1.75 14.05 ± 1.74 14.31 ± 1.92 0.45

Platelets (103/L) 252 ± 59 260 ± 72 245 ± 48 0.97

Values are given as means+SDs. WBC: White blood cells; RBC: Red blood cells; HGB: Hemoglobin; Hct: Hematocrit.

Table 5. Baseline values of subclinical inflammation markers 

Group Α
(control group)

Group B
(plain yogurt)

Group C
(enriched yogurt) p

IL-6 (pg/mL) 0.70 (0.36 - 1.17) 1.05 (0.76 - 1.30) 1.05 (0.66 - 1.53) 0.02 *

IL-10 (pg/mL) 2.68 (1.94 - 3.85) 2.05 (1.76 - 2.76) 2.39 (2.07 - 3.20) 0.04 *

Adiponectin (μg/mL) 5.74 (3.61 - 8.51) 3.85 (2.62 - 5.43) 4.49 (2.51 - 7.48) 0.21

Values are given as median (25th-75th percent range).

Table 4. Baseline EC50 values of PAF-, ADP- and TRAP-induced platelet aggregation 

(μΜ) Group Α
(control group)

Group B
(plain yogurt)

Group C
(enriched yogurt)

p

PAF 53.34 (25.13 - 106.54) 38.76 (23.18 - 94.53) 32.70 (26.60 - 67.60) 0.59

ADP 3.22 (2.49 - 5.91) 4.61 (3.49 - 7.48) 4.51 (3.25 - 7.51) 0.14

TRAP 0.86 (0.70 - 0.99) 0.89 (0.67 - 1.14) 0.90 (0.70 - 1.27) 0.76

Values are given as median (25th-75th percent range). PAF: Platelet activating factor; ADP: Adenosine diphosphate; TRAP: Thrombin receptor acti-
vating peptide.
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and cardiovascular diseases. Functional foods contain one or 
more nutraceutical agents dispersed within a natural or pro-
cessed food product, such as fruit, vegetable, grain, seed, nut, 
beverage, and yogurt. In this attempt our group along with a 
well-known Greek dairy company try to incorporate bioactive 
ingredients (BAL) of the olives (WOC) into another typical food 
of the Mediterranean diet, namely yogurt. By this way we at-
tempt to develop a nutraceutical with pleiotropic actions on 
cardiometabolic risk factors. It should also be mentioned that 
yogurt is the matrix which is primarily consumed, as a nutra-
ceutical, from consumers.27

A major innovation of this project is that the raw ma-
terial for the isolation of the bioactive extract is olive oil 
mill industry by products. Taking into account that the 
processing of olives results to an appreciable amount of 
by products, taking advantage of those by-products in a 
sustainable way is of primary importance for the olive oil 
producing countries. Many processes have been proposed 
for the recovery of the biologically active compounds of 
olive oil by products, many of them covered by patents. 
Using WOC as a source of anti-PAF and polyphenol extracts, 
which can be incorporated in functional foods, can render 
its management cost effective. 

Our hypothesis concerning the health properties of the 
enriched yogurt is that the presence of anti-PAF molecules 
and phenolic compounds may provide a milieu of bioactive 
ingredients with proven anti-inflammatory, anti-platelet 
and antithrombotic properties.28 However, in contrast to 
most commercially available functional food which have 
health claims based only on in vitro and animal studies, 
our group wanted to proceed one step further to assess 
the efficacy of the functional yogurt by a randomized, 
dietary intervention study. We decided to conduct the 
study in a general, apparently healthy population for two 
reasons. Firstly, we would like to assess the acceptance of 
the product from a population of both sexes and a wide 
range of ages. Secondly, since this was the first interven-
tion with this product, it was safer for us to estimate any 
side effects in a healthy population. In addition, the tar-
get market of this product was the general population, 
therefore we would like to investigate its health benefits 
to the group of consumers it was targeted in. The results 
of this study will guide us to further interventions with 
special populations. 

The primary outcome of the study is platelet activity 
determined as ex vivo platelet sensitivity to platelet-
activating agents. Apart from their well known role in 
atherothrombosis,29 subclinical activation of platelets can 
mediate the vascular complications of diabetic patients30 
and be implicated in the pathogenesis of cancer and me-
tastasis, Alzheimer’s disease and immune dysregulation.31 
For those reasons, a mild inhibition of platelet activity with 
dietary interventions and nutraceutical with antiplatelet 
properties can be proven protective against non-com-
municable diseases. In addition, the active ingredients 
of the enriched yogurt have shown strong antiplatelet 
properties in previous in vitro experiments.32 However, we 
cannot exclude the possibility that the enriched yogurt 
could favorably modulate the secondary outcomes of 
the study, especially subclinical inflammation, taking into 
account the strong anti-PAF actions of its constituents.

The baseline characteristics of the volunteers (Tables 
2-5) indicate that our randomization ended up into three 
homogeneous groups concerning anthropometric, clinical, 
hematological and biochemical indices. There is a signifi-
cant difference among the three groups in IL-6 and IL-10 
but the mean values of the variables indicate that those 
differences are clinically insignificant.

In conclusion, a novel yogurt enriched with a natural 
extract rich in PAF inhibitors and polyphenols was devel-
oped and its cardioprotective properties will be assessed 
after the conclusion of a dietary intervention study in 
general population. The rationale and study design of 
this intervention, which were described in this article, 
guarantee for the reliability of the outcomes of the study. 
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ΠΕΡΙΛΗΨΗ
Γιαούρτι εμπλουτισμένο με φυσικό εκχύλισμα πλούσιο σε αναστολείς 
του PAF και πολυφαινόλες: Σχεδιασμός: τυχαιοποιημένη ελεγχόμενη, 
παράλληλη, διπλά τυφλή μελέτη παρέμβασης

Μαρία Ντετοπούλου, Τζώρτζης Νομικός, Ελισάβετ Φραγκοπούλου, Μαίρη Γιαννακούλια,  
Αδαμαντίνη Κυριακού, Δημοσθένης Παναγιωτάκος, Σμαραγδή Αντωνοπούλου
Τμήμα Επιστήμης Διαιτολογίας-Διατροφής, Σχολή Επιστημών Υγείας και Αγωγής, Χαροκόπειο 
Πανεπιστήμιο, Αθήνα

O Παράγοντας Ενεργοποίησης Αιμοπεταλίων (PAF) αποτελεί βασικό προφλεγμονώδη μεσολαβητή της αθη-
ρογένεσης. Στο πλαίσιο διερεύνησης των καρδιοπροστατευτικών ιδιοτήτων τροφίμων εμπλουτισμένων με 
αναστολείς του PAF, δημιουργήθηκε ένα γιαούρτι εμπλουτισμένο με εκχύλισμα πλούσιο σε αναστολείς του, 
από παραπροϊόντα ελαιουργίας. Ακολούθησε διπλά τυφλή διατροφική παρέμβαση σε φαινομενικά υγιείς 
εθελοντές προκειμένου να διερευνηθεί εάν η κατανάλωσή του μπορεί να επηρεάσει ευνοϊκά καρδιαγγειακούς 
παράγοντες κινδύνου. Ενενήντα δύο (n=92) φαινομενικά υγιείς εθελοντές (35-65 ετών) τυχαιοποιήθηκαν σε 
τρεις ομάδες με βάση ηλικία, φύλο και ΔΜΣ. Οι εθελοντές της ομάδας Α διατήρησαν τις διατροφικές τους 
συνήθειες καταναλώνοντας το πολύ ένα μη εμπλουτισμένο γιαούρτι κάθε 2 εβδομάδες. Οι εθελοντές της 
ομάδας Β κατανάλωναν καθημερινά ένα μη εμπλουτισμένο γιαούρτι. Οι εθελοντές της ομάδας Γ κατανάλωναν 
καθημερινά ένα εμπλουτισμένο γιαούρτι. Η παρέμβαση διήρκησε 8 εβδομάδες. Βιολογικά δείγματα (αίματος, 
ούρων και κοπράνων) λήφθηκαν στην αρχή, στον ενδιάμεσο χρόνο και στο τέλος της παρέμβασης. Το συγκε-
κριμένο άρθρο στοχεύει να παρουσιάσει τον σχεδιασμό της μελέτης, τη λεπτομερή μεθοδολογία και τα βασικά 
χαρακτηριστικά των εθελοντών κατά την έναρξη της παρέμβασης.

Λέξεις Κλειδιά: Παράγοντας ενεργοποίησης αιμοπεταλίων, γιαούρτι, καρδιαγγειακά νοσήματα, ελαιόλαδο, 
παραπροϊόντα, αιμοπετάλια, θρόμβωση, φλεγμονή, λειτουργικά τρόφιμα
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