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Abstract

Background
Olive oil, rich in mono-unsaturated fatty acid and the main fat in the Mediterranean diet, has long been considered to be favorable for
cardiovascular health. The present study was conducted to compare the effects of high polyphenol extra-virgin olive oil (EVOO) with low
polyphenol re ned olive oil (ROO) on some cardiovascular risk factors in patients undergoing coronary angiography.

Methods
In a randomized, controlled, parallel-arm, clinical trial, 40 patients (aged 54.83 ± 7.04 years) with at least one classic cardiovascular risk
factor (hypertension, dyslipidemia, or diabetes) who referred to coronary angiography were randomly allocated to two groups and
received 25 mL EVOO (n = 20) or ROO (n = 20) daily for 6 weeks. Fasting blood was collected and plasma lipids, malondialdehyde (MDA),
C-reactive protein (CRP) as well as, in ammatory cytokines in ex-vivo lipopolysaccharide (LPS)-stimulated whole blood culture were
measured at the baseline and after the dietary intervention.

Results
Baseline characteristics were similar between the two groups. Plasma LDL-cholesterol signi cantly reduced in EVOO group (-9.52 ± 20.44
vs 8.68 ± 18.77 mg/dL, p = 0.007 for EVOO and ROO respectively), whereas total cholesterol/HDL-cholesterol had no signi cant changes.
EVOO resulted in signi cant reduction in plasma CRP (-0.40 ± 0.52 vs 0.007 ± 0.42 mg/L, p = 0.01 for EVOO and ROO respectively) and
increased ex-vivo whole blood LPS-stimulated IL-10 production (12.13 ± 33.64 vs -17.47 ± 49.04 pg/mL, p = 0.035 for EVOO and ROO
respectively). However, there were no signi cant differences in LPS-stimulated IL-6 and plasma MDA levels between the two groups.

Conclusions
Daily consumption of polyphenol-rich EVOO in subjects who have been under medical treatment with risk-reducing agents could
additionally improve LDL-C and selected in ammatory markers.

Trial registration:
NCT03796780 at clinicaltrial.gov (12/29/2018)

Background
Atherosclerotic cardiovascular disease (ASCVD) continues to be a major cause of global morbidity and mortality [1]. Dyslipidemia,
particularly elevated low-density lipoprotein cholesterol (LDL-C), is a major modi able risk factor for ASCVD [2]. In addition, in ammatory
responses have signi cant effects on all stages of atherosclerosis [3]. Several in ammatory biomarkers have been investigated to
improve cardiovascular risk prediction and to monitor the disease process. Among the pro-in ammatory biomarkers, C-reactive protein
(CRP) and Interleukin-6 (IL-6) are associated with an increased risk of cardiovascular events and coronary artery disease (CAD)
progression [4] whereas, interleukin-10 (IL-10) has a potent anti-in ammatory activity via a profound inhibitory effect on the production
of pro-in ammatory cytokines and mediators from macrophages [5].
Olive oil, rich in mono-unsaturated fatty acid and the main fat in the Mediterranean diet, has long been considered to be favorable for
cardiovascular health [6]. Extra-Virgin olive oil (EVOO) is extracted mechanically from olives and contains relatively high amounts of
phenolic compounds. Re ned olive oil (ROO) has the same fatty acid composition as the virgin oil from which it is derived but it loses
most of the minority components in the process. EVOO has been reported to contain approximately 36 phenolic compounds, including
hydroxytyrosol, oleuropein & oleocanthal and these compounds play a key role in the health-promoting qualities of the oil [7]. However,
ROO may be preferred by some consumers over EVOO, probably because of its milder avor [8].
Several experimental and clinical studies have investigated the effects of EVOO on cardiovascular risk factors [9]. However, current
literature on the effects of EVOO on plasma lipids and in ammatory markers is con icting, with some studies showing improvements in
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lipid pro le [10–12] or in ammatory markers [13], while in others no signi cant improvements have been observed in serum lipids [13–
15] or in ammatory indices [14, 16, 17]. Furthermore, few studies have compared the anti-in ammatory and lipid-lowering effects of
EVOO and ROO in subjects with cardiovascular risk factors [18, 19]. The current randomized, controlled, clinical trial was designed to
compare the effects of EVOO and ROO consumption in patients with cardiovascular risk factors who were referred to coronary
angiography. Two previous studies by Fito et al. have compared daily consumption of 50 mL/day EVOO and ROO in stable patients with
ASCVD studies [18, 19]. However, this amount may be higher than the usual amount that can be consumed in low-fat diets of patients
with cardiovascular disease. In addition, the normal consumption of olive oil may be as much as 25–35 g/day in the Mediterranean area
[20, 21]. Therefore, in the present study the effects of consumption of 25 g/day EVOO were compared to ROO on lipid and in ammatory
markers.

Methods
Subjects
The population of the study consisted of subjects who referred to coronary angiography in the Shahid Rajaei Cardiovascular, Medical &
Research Center in Tehran. Eligible participants were men and post-menopausal women less than 75 years who had at least one of the
major cardiovascular risk factors including hypertension, diabetes mellitus, dyslipidemia or acute cardiac events. None of the subjects
had taken anti-in ammatory medication or dietary antioxidants or omega-3 supplements during the previous month before the study.
Exclusion criteria were consumption of less than 80% of olive oil delivered to the participants, any changes in the disease treatment plan
including type or dose of lipid-lowering medications or coronary artery bypass graft (CABG), and gastrointestinal complications such as
diarrhea.
The procedures followed in this study were in accordance with the 1964 Helsinki Declaration and the study protocol was approved by the
Ethical Committee of National Nutrition & Food Technology Research Institute, Tehran, Iran (the Ethical No:
IR.SBMU.nnftri.Rec.1396.203), and written informed consent were obtained from all patients. This clinical trial was registered at the
clinical trial registration center (clinicaltrial.gov) (NCT03796780).
Study design
The present study was a randomized, controlled, parallel-arm, clinical trial. One month after coronary angiography, eligible participants
were randomly assigned to one of the two groups. The randomization was carried out with strati cation for BMI (normal and
overweight) and statin medication (with or without statin treatment). We used a list of continuous study numbers with
random allocation (by computer) to group 1 or 2. Participants were requested to consume a daily amount of 25 mL of EVOO or ROO as
raw with meals for 6 weeks. The fatty acid composition of EVOO and ROO has been shown in Table 1. Olive oils were given to patients in
su cient quantities. To ensure proper olive oil consumption, participants were followed up weekly by telephone. Dietary intake and
physical activity levels were monitored throughout the study. Dietary intakes were assessed using a 3-day dietary recall questionnaire
(two regular days in the middle of the week and one day at the weekend) at baseline and after 6 weeks. Participants were asked to
maintain their habitual lifestyle throughout the study. Anthropometric and biochemical parameters were reassessed at the end of the
intervention.
Blood sampling and culture
Venous blood samples were taken into heparinized bottles after an overnight fast at baseline and after 6-week olive oils consumption.
The blood samples were centrifuged (4000 rpm for 20 min) and the resulting plasma was stored at - 80°C. Before plasma isolation, 1 mL
of whole blood was diluted with 4 mL of Dulbecco's Modi ed Eagle Medium (Sigma-Aldrich, Heidelberg, Germany) supplemented with 2
mM L-glutamine and then were cultured in 12-well plates at 37°C in a humidi ed incubator with a 5% CO2 & 95% air atmosphere. Blood
culture was stimulated with lipopolysaccharide (LPS) (Sigma-Aldrich, Heidelberg, Germany) in a nal concentration of 1 μg/mL for 24 h,
when, culture plates were centrifuged (3000 g for 5 min) and the supernatant was removed and frozen at -80°C for the analysis of IL-6
and IL-10 production. Commercially available ELISA kits were used to measure supernatant concentrations of IL-6 and IL-10 (BioLegend,
USA). CRP was measured using a turbidometric immunoassay kit by an automated analyzer (Selectra 2, Vital Scienti c, Spankeren, The
Netherlands). Plasma MDA was analyzed using thiobarbituric acid (TBA) based colorimetric method according to the instruction [22].
Plasma total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were measured by automated
standardized enzymatic methods using commercial kits. Small dense-LDL-C (sd-LDL-C) was measured by a direct homogenous LDL-C
assay in the supernatant that remained after heparin-magnesium precipitation of lipoproteins with density <1.044 g/mL [23].
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Statistics
The sample size calculation was performed using G*Power 3.1 software [24]. The primary outcome measure was mean change in IL-6
concentrations [19]. For a signi cance level of α = 0.05, an independent t-test indicated that enrolment of 18 subjects will provide 80%
power to detect a 15 % decrease in IL-6, which was increased to n = 20/group to account for a 10% attrition rate.
The data were analyzed using the SPSS software for Windows versions 21 (SPSS Inc., Chicago, IL, USA). Data are given as Mean ± SD
unless otherwise indicated. The normality of distributions of the study variables was tested with the Shapiro-Wilk test with non-normally
distributed data normalized via log transformation where possible to permit parametric testing. Differences between groups were
assessed over absolute change values (Δ) (6 weeks minus baseline) by unpaired t-test. Within-group differences between baseline and
post-intervention data were analyzed by the paired t-test. The statistical signi cance level was set at p = 0.05 (two tails).

Results
Subjects and dietary assessment
The nal study population consisted of 40 subjects; 20 subjects in the ROO group, and 20 subjects in the EVOO group (Figure 1). The
characteristics of the study population are listed in Table 2. No signi cant differences were observed in the baseline characteristics
between the two groups. There were no signi cant differences between the EVOO and ROO groups regarding the body weight and
physical activity at the baseline and 6 weeks (Table 3).
As shown in Table 4, food intake analyses showed no differences in daily dietary intake between the two groups at the baseline. As was
expected, the dietary intake of total fat and monounsaturated fat of both groups have increased during the experiment due to the
consumption of olive oils. However, there were no differences between the two groups. Energy intake in both groups had a slight and
nonsigni cant increase compared to baseline.
Lipids and In ammatory markers
EVOO consumption resulted in lower concentrations of TC (6%) (p = 0.007, statistical power = 0.81) and LDL-C (6%) (p = 0.011,
statistical power = 0.75), whereas it did not in uence the sd-LDL-C, HDL-C, TC/HDL-C, LDL-C/HDL-C, and TG when compared with ROO
treatment (Table 5). In addition, the plasma MDA level did not differ between the two groups, although within-group analysis showed a
signi cant decrease in the EVOO group. MDA values were not normally distributed and log‐transformed values were used for the
statistical analysis. However, for clarity of the presentation, untransformed values are shown in the table.
None of the participants showed symptoms of acute in ammation during the test days. During 6 weeks of EVOO consumption, the
mean change of CRP concentration was 24% lower in EVOO compared with ROO (p = 0.01, statistical power = 0.76) (Table 5). LPSstimulated IL-6 concentration had no signi cant difference between the two groups, whereas a higher level of LPS-stimulated IL-10 was
observed in the EVOO group (p = 0.035, statistical power = 1.00) (Figure 2).

Discussion
In this study, we examined the effects of olive oils with low (ROO) or high (EVOO) phenolic content on plasma lipid pro le and ex-vivo
LPS-stimulated whole blood culture in ammatory cytokines. EVOO consumption exerted a mild LDL-C lowering effect, while it did not
reduce sd-LDL-C and TC/HDL-C levels. EVOO also had an attenuating effect on plasma CRP and increased ex-vivo production of LPSstimulated IL-10 in whole blood culture.
Both LDL-C concentration and size are directly associated with the risk of cardiovascular disease [25, 26]. Although there are several
studies in which polyphenol consumption has not affected LDL-C concentration [13, 14], in some studies, olive polyphenols have
reduced LDL-C concentration. Hernáez et al. showed that consumption of polyphenol-rich olive oil (366 mg/kg) in the amount of 25
mL/day for 3 weeks reduces serum LDL-C levels when compared to low-polyphenol olive oil (2.7 mg/kg) [27]. In another similar study,
Fernández-Castillejo and coworkers showed that consumption (25 mL/day) of polyphenol-enriched olive oil (containing 500 mg
polyphenol/kg) have LDL-C lowering effect in hypercholesterolemic individuals, whereas, they did not nd any decrease in serum sd-LDLC particles [10]. EVOO has also been shown to have a blunting effect on postprandial LDL-C elevation in an acute meal consumption
study [28]. The mechanisms underlying the LDL-C lowering effects of olive polyphenols are not well de ned. However, animal data
suggest that it may be mediated through increases in bile ow and biliary cholesterol and bile acid concentrations, leading to increased
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fecal excretion [29]. In the present study, although EVOO consumption was associated with the reduction in LDL-C levels, the plasma sdLDL-C, and TC/HDL-C did not improve. TC/HDL-C has been suggested to be a powerful and more accurate predictor of future
cardiovascular disease risk and is associated with sd-LDL-C particles [30]. Therefore, except for a slight effect on LDL-C, olive
polyphenols do not appear to have a signi cant effect on the improvement of plasma lipid pro le.
Immune‐modulatory and anti‐in ammatory effects of EVOO bioactive minor components, in particular, hydroxytyrosol [31, 32] and also
the entire phenolic fraction [33] have been investigated through in vitro models. Phenolic compounds present in EVOO have been
reported to possess anti-in ammatory actions in animal models of in ammation [34, 35]. In our patients, reduced plasma levels of CRP
were observed after EVOO ingestion. The reduction of circulating CRP after EVOO compared to ROO intake has been reported in a
previous study in which patients with coronary artery disease took a daily amount of 50 mL of EVOO and ROO sequentially over two 3week periods [19]. However, in another study on diabetic subjects, the consumption of EVOO (25 mL/day, 577 mg of phenolic
compounds/kg) did not signi cantly alter the levels of circulating hs-CRP compared to re ned olive oil [14].
Production of cytokines in humans may be studied in the circulation and ex vivo by stimulation of isolated cells. Circulating levels of
cytokines may not necessarily re ect local cytokine production. Yet the isolation of cells is cumbersome and when isolated cells are
cultured, they deprived of adjacent cells and serum components which may cause them to lose their in vivo characteristics. Cytokine
production from whole-blood culture could be a valid and convenient assay for the measurement of cytokine production, particularly
when stimulated with LPS [36]. In the present study, despite the improved plasma CRP after EVOO ingestion, we found no changes in the
ex-vivo production of LPS-stimulated IL-6. On the contrary, EVOO consumption produced a signi cant increase in LPS-stimulated IL-10.
IL-10 is an important immunoregulatory cytokine with pleiotropic effects that appears to play a role in the function of regulatory T cells,
which are recognized as potent suppressors of excessive immune responses [37]. Administration of olive polyphenols containing mostly
hydroxytyrosol has been associated with increased IL-10 levels in an animal model of paw in ammation induced by injecting
carrageenan [38]. Our nding is consistent with the results of Aparicio-Soto et al., which reported evidence of increased IL-10 production
when olive phenolic compounds were added to the ex-vivo culture of peripheral blood mononuclear cells (PBMC) from healthy subjects
[39]. Furthermore, co-stimulation of human PBMCs with hydroxytyrosol and an allergen has been associated with an increase in the
amount of IL-10 production [40]. Moreover, acute ingestion of 50 ml EVOO has been reported to increase the IL-10 gene expression in
PBMCs from healthy subjects [41].
The anti-in ammatory effects of olive bioactive minor compounds could be attributed to their capacity to reduce the reactive oxygen
species generation [42-44]. However, in the current study, plasma MDA levels did not differ between the two treatments, although withingroup analysis showed a signi cant decrease in EVOO treatment. In contrast to our ndings, the antioxidant effects of olive oil
polyphenols have been demonstrated in previous studies. In a crossover study in healthy participants, daily administration of 25 mL of
olive oils (with low, medium, and high phenolic content) for 3 weeks, linearly decreased oxidative stress markers (including oxidized-LDLC) with increasing phenolic content [45]. One of the reasons for the lack of effect of EVOO on MDA in the present study may be related to
the detection method of MDA (colorimetric TBA-based method) which has been claimed to be insu ciently sensitive [46].
There were some limitations to this study. The sample sizes in each group were rather small and the power to detect subtle changes is
therefore restricted. Furthermore, the study would have bene ted if continued for longer durations to assess maintenance. Moreover,
cross-over design may have been a better choice for reducing the effects of confounding factors. However, since seasonal
variations in uence in ammatory biomarkers [47, 48], we decided to choose a parallel design. Moreover, we assessed a limited number
of parameters related to in ammation.

Conclusions
Consumption of polyphenol-rich olive oil in comparison with re ned olive oil slightly reduces LDL-C but does not affect other lipoprotein
components. However, it may have some anti-in ammatory effects. Therefore, given these bene ts, consumption of polyphenol-enriched
olive oil could be a way of increasing its healthy properties while the same amount of fat is consumed.
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Tables
Table 1. Chemical composition of Olive Oils
Chemical Component
Total Phenolic Content (ppm)

Extra-Virgin Olive Oil

Refined Olive Oil

500 <

10 >

Fatty Acid (per 100 gr):
C14:0

0.04

0.04

C16:0

14.65

15.78

C16:1

1.36

0.78

C17:0

0.10

0.14

C17:1

0.12

0.16

C18:0

1.32

1.58

69.58

65.70

C18:1 cis n-9
C18:1 trans

0.02

0.03

C18:2

9.42

11.23

C18:3

0.39

0.48

< 0.01

0.04

C20:0

0.13

0.24

C20:1

< 0.01

< 0.01

C22:0

ND

< 0.01

C24:0

0.03

0.08

C18: 2 trans + C18:3 trans
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ND: Not Determined.

Table 2. Baseline characteristics of the participants a
Variable
Age (year)
Sex (Male)
PCI history
CABG history
Diabetes Mellitus
Hypertension
Dyslipidemia
Overweight
Smoking
Medications:
Aspirin
Clopidogrel
(Plavix)
Statins
ACEI
ARB
BB

Extra-Virgin Olive
Oil (n=20)
53.60 ± 7.64
18 (90%)
16 (80%)
0 (0%)
5 (25%)
9 (45%)
8 (40%)
16 (80%)
2 (10%)

Refined Olive Oil
56.05 ± 6.33
20 (100%)
16 (80%)
2 (10%)
8 (40%)
11 (55%)
11 (55%)
15 (75%)
8 (40%)

0.27
0.48
1.00
0.48
0.50
0.75
0.52
1.00
0.06

17 (85%)
15 (75%)

20 (100%)
15 (75%)

0.23
1.00

19 (95%)
6 (30%)
11 (55%)
14 (70%)

19 (95%)
9 (45%)
10 (50%)
15 (75%)

1.00
0.51
1.00
1.00

3 (15%)
4 (20%)
3 (15%)

0 (0%)
7 (35%)
6 (30%)

0.23
0.48
0.45

2 (10%)

7 (35%)

0.13

CCB
Nitrates
Aldosteron
Antagonist
Loop Diuretics

(n=20)

p-value

b

a Data presented as Mean ± SD or number (percentage).
b Data were compared using Independent t-test or Chi-square test.
PCI: Percutaneous Coronary Intervention; CABG: Coronary Artery Bypass Graft; ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin
Receptor Blocker; BB: Beta-Blocker; CCB: Calcium Channel Blocker

Table 3. Body weight and physical activity of the participants at the baseline and after the intervention according to
experimental groups a
Variable

Extra-Virgin Olive Oil (n=20)

Refined Olive Oil (n=20)

Body Weight (kg)
Baseline

78.90 (74.31 to 83.49)

82.30 (77.78 to 86.81)

6-Week

78.55 (74.16 to 82.93)

82.20 (77.63 to 86.76)

Δ values

-0.35 (-1.03 to 0.83)

-0.10 (-0.92 to 0.22)

BMI (kg/m2)
Baseline

27.42 (26.01 to 28.83)

27.11 (25.82 to 28.39)

6-Week

27.32 (25.92 to 28.72)

27.10 (25.81 to 28.38)

Δ values

-0.10 (-0.30 to 0.28)

-0.01 (-0.29 to 0.09)

Physical Activity (MET-h/day)
Baseline

26.26 (24.50 to 28.01)

28.29 (25.76 to 30.82)

6-Week

26.33 (24.53 to 28.12)

28.32 (25.79 to 30.84)

Δ values

0.07 (-0.08 to 0.13)

0.02 (-0.17 to 0.31)

a Values are Mean (95% CI).
b Between-group Δ values (6 weeks minus baseline) by Independent t-test.
BMI: Body Mass Index; MET: Metabolic Equivalent.
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p-value

0.63

0.59

0.73

b

Table 4. Dietary intake of the participants at the baseline and after the intervention a
Groups

b

Variable

Time

Extra-Virgin Olive
Oil group
(n=20)

Refined Olive
Oil group
(n=20)

p-value c

Energy (kcal)

Baseline

1738.30 ± 190.22

1797.40 ± 197.10

0.34

6-week

1818.55 ± 189.13

1850.55 ± 143.30

0.55

Baseline

241.40 ± 37.12

233.05 ± 32.18

0.45

6-week

246.15 ± 36.56

234.25 ± 33.57

0.29

Baseline

53.35 ± 3.76

51.90 ± 4.60

0.13

6-week

53.95 ± 3.47

50.47 ± 4.20

0.14

Baseline

66.68 ± 8.09

69.75 ± 15.55

0.71

6-week

67.47 ± 8.70

70.65 ± 11.27

0.66

Baseline

15.76 ± 2.25

15.13 ± 2.18

0.77

6-week

15.22 ± 2.11

15.29 ± 2.27

0.92

Baseline

65.15 ± 8.13

62.95 ± 10.15

0.12

d

0.61

Carbohydrate (gr)

Carbohydrate (%)

Protein (gr)

Protein (%)

Total Fat (gr)

6-week
Total Fat (%)

Baseline
6-week

SFA (gr)

MUFA (gr)

Omega-3 (mg)

Cholesterol (mg)

Fiber (gr)

30.68 ± 4.03
32.65 ± 3.00

d

71.40 ± 7.91

32.17 ± 4.53
34.87 ± 4.36

d

0.14
0.10

13.65 ± 3.51

14.83 ± 2.93

0.27

6-week

12.85 ± 2.66

14.42 ± 2.93

0.18

Baseline

20.05 ± 2.63

21.53 ± 5.46

0.19

Baseline
6-week

PUFA (gr)

d

Baseline

6-week
MUFA (%)

71.65 ± 6.40

30.50 ± 2.94

d

10.23 ± 1.59
14.89 ± 1.36

d

32.30 ± 4.37

d

10.77 ± 2.43
15.79 ± 2.45

d

0.10
0.21
0.16

Baseline

23.85 ± 5.04

25.89 ± 5.56

0.23

6-week

23.25 ± 2.69

23.78 ± 2.94

0.90

Baseline

141.94 ± 108.51

213.30 ± 178.73

0.15

6-week

156.06 ± 59.16

233.85 ± 150.65

0.10

Baseline

186.61 ± 54.51

167.65 ± 82.15

0.45

6-week

167.26 ± 60.98

144.53 ± 49.38

0.36

Baseline

14.05 ± 2.52

14.45 ± 2.32

0.93

6-week

14.40 ± 2.06

15.90 ± 2.78

0.88

a All values are Mean ± SD.
b The daily olive oil consumption is considered.
c Data were compared using Independent t-test.
d Significantly different from Baseline. Data were compared using paired t-test.
SFA: Saturated Fatty Acid; MUFA: Mono-Unsaturated Fatty Acids; PUFA: Poly-Unsaturated Fatty Acids.

Table 5. Biochemical variables at the baseline and after the intervention according to experimental groups a
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Variable

Refined Olive Oil (n=20)

Extra-Virgin Olive Oil (n=20)

TC (mg/dL)
Baseline

114.42 (105.49 to 132.61)

158.95 (138.75 to 180.25)

6-Week

123.11 (105.49 to 132.61)

149.42 (110.20 to 136.70)

Δ values

8.68 (-0.36 to 17.73)

-9.52 (-2.32 to -26.52)

Baseline

61.47 (55.81 to 73.29)

83.30 (69.41 to 97.19)

6-Week

65.84 (57.40 to 73.80)

78.20 (64.64 to 91.76)

Δ values

4.36 (-1.26 to 9.99)

-5.10 (-0.55 to -10.70)

Baseline

25.89 (22.02 to 33.78)

24.00 (16.12 to 31.88)

p-value

b

0.007

LDL-C (mg/dL)

0.011

sd-LDL-C (mg/dL)

6-Week

24.89 (20.39 to 29.91)

22.20 (14.44 to 29.96)

Δ values

-1.00 (-4.28 to 2.28)

-1.80 (-6.20 to 2.41)

HDL-C (mg/dL)
Baseline

37.20 (33.65 to 40.75)

43.95 (39.12 to 53.98)

6-Week

38.80 (35.30 to 42.30)

42.47 (38.86 to 46.74)

Δ values

1.60 (-0.24 to 2.45)

-1.47 (-9.96 to 1.96)

TC/HDL-C
Baseline

3.22 (2.98 to 3.46)

3.62 (3.06 to 4.21)

6-Week

3.22 (2.91 to 3.53)

3.52 (2.93 to 4.03)

Δ values

0.00 (-0.20 to 0.20)

-0.09 (-0.23 to 0.54)

Baseline

1.71 (1.57 to 1.92)

1.88 (1.55 to 2.21)

6-Week

1.73 (1.51 to 1.92)

1.85 (1.53 to 2.17)

Δ values

0.01 (-0.11 to 0.17)

-0.03 (-0.11 to 0.17)

Baseline

112.00 (100.16 to 131.14)

173.50 (115.30 to 231.70)

6-Week

121.89 (105.47 to 169.33)

163.05 (100.92 to 225.18)

Δ values

9.89 (-9.98 to 37.35)

-10.45 (-34.08 to 8.18)

Baseline

1.70 (0.98 to 2.42)

1.65 (1.01 to 2.28)

6-Week

1.70 (1.00 to 2.39)

1.24 (0.72 to 1.76)

Δ values

0.007 (-1.46 to 0.89)

-0.40 (-0.14 to -0.66)

Baseline

17.44 (13.52 to 22.54)

8.75 (4.75 to 12.74)

6-Week

14.42 (9.29 to 21.14)

5.87 (13.52 to 23.54)

Δ values

-3.02 (-6.47 to 3.84)

-2.87 (-5.56 to -0.18)

0.75

0.11

0.42

LDL-C/HDL-C

0.56

TG (mg/dL)

0.13

CRP (mg/L)

0.01

MDA (µmol/L)

0.94

a Values are Mean (95% CI).
b Between-group Δ values (6-week minus baseline) by Independent t-test.
TC: Total Cholesterol; LDL-C: Low-Density Lipoprotein-Cholesterol; sd-LDL-C: Small Dense LDL-C; HDL-C: High-Density Lipoprotein-Cholesterol;
TG: Triglyceride; CRP: C Reactive Protein; MDA: Malondialdehyde.
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Figure 1
The owchart of the study

Page 13/14

Figure 2
Plasma ex-vivo whole blood LPS-stimulated IL-6 and IL-10 values before and 6 weeks after extra virgin olive oil (EVOO) (n = 20) and
re ned olive oil (ROO) (n = 20) consumption. Individual pre and post-responses are represented by the lines over the bars for plasma exvivo IL-6 (a) and IL-10 (c). The change from baseline values (∆) of IL-6 (b) and IL-10 (d) are represented as well. Values are presented as
Mean ± SD. *Signi cantly different from ROO (p < 0.001). †Signi cantly different from baseline within the same group (p < 0.05).
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