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Effects of canola or olive oil on plasma
lipids, lipoprotein-associated phospholipase
A2 and inflammatory cytokines in patients
referred for coronary angiography
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Abstract

Background: The potential cardioprotective benefits of olive oil (OO) and canola oil (CO) consumption have been
shown in some studies. The present study compared the effects of CO and OO on plasma lipids, some
inflammatory cytokines, and lipoprotein-associated phospholipase A2 (Lp-PLA2) mass and activity in patients
undergoing coronary angiography.

Methods: The current randomized, controlled, parallel-arm, clinical trial involved 48 patients (44 men and 4 women,
aged 57.63 ± 6.34 years) with at least one classic cardiovascular risk factor (hypertension, dyslipidemia, or diabetes)
who referred for coronary angiography. Patients were randomly divided into two groups and received 25 mL/day
refined olive oil (n = 24) or canola oil (n = 24) for 6 weeks. Plasma lipids, some selected inflammatory markers, and
Lp-PLA2 levels were measured at baseline and after the intervention.

Results: CO consumption produced a significant reduction in plasma Lp-PLA2 mass (− 0.97 ± 1.84 vs. 0.34 ± 1.57 ng/
mL, p = 0.008 for CO and OO, respectively), whereas the mean changes in interleukine-6 concentration were
significantly lower after OO consumption compared with CO (− 9.46 ± 9.46 vs. -0.90 ± 6.80 pg/mL, p = 0.008 for OO
and CO, respectively). After 6 weeks of intervention, no significant changes were observed in plasma Lp-PLA2
activity, complement C3, C4, or lipid profiles in the two intervention groups.

Conclusions: Comparing the two vegetable oils in subjects with cardiovascular risk factors showed that the
consumption of olive oil is more effective in reducing the level of inflammatory cytokine interleukine-6, whereas
canola oil was more effective in lowering Lp-PLA2 levels; however, this finding should be interpreted with caution,
because Lp-PLA2 activity did not change significantly.

Trial registration: IRCT20160702028742N5 at www.irct.ir (04/19/2019).
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Background
Lifestyle modification, including a healthy diet, is the
first therapeutic step to reducing cardiovascular disease
(CVD) [1]. Reducing the amount of dietary saturated
fatty acids (SFAs) and replacing them with unsaturated
fats are among the main nutritional recommendations
for the prevention and treatment of CVD [2]. Inclusion
of vegetable oils rich in monounsaturated fatty acids
(MUFAs) in the diet has been associated with several
cardioprotective effects [3]. Olive and canola oils, two
commonly consumed vegetable oils, are low in SFAs but
rich in MUFAs, and both are recommended to be in-
cluded in a healthy diet for cardioprotection [4, 5].
The potential cardioprotective benefits of olive oil

(OO) consumption, especially in the Mediterranean diet,
have been extensively studied [4, 6]. Scientific evidence
suggests, however, that replacing SFAs with polyunsatur-
ated fatty acids (PUFAs) may reduce CVD risk factors
somewhat more than replacing SFAs with MUFAs [2].
In addition to their beneficial effects, PUFAs have been
shown to be safe [7]. Therefore, oils with low SFAs that
contain relatively high levels of PUFAs as well as
MUFAs may be preferable for improving cardiovascular
risk factors. Canola oil (CO) which contains low
amounts of SFAs, high amounts of MUFAs, and rela-
tively high amounts of PUFAs could be a reasonable
choice for inclusion in a healthy diet to replace SFAs
and increase unsaturated fats intake [8]. Evidence sup-
ports several potential health benefits of canola oil con-
sumption in terms of reducing cardiovascular risk
factors and improving health [5]. The comparison of
canola and olive oils showed that the MUFA content of
OO is slightly higher, while the amount of PUFAs is
higher in CO [5].
In addition to the classic CVD risk factors such as

plasma lipid and lipoprotein concentrations, measuring
inflammatory biomarkers is useful for cardiovascular risk
assessment and predicting cardiovascular risk [9, 10].
Numerous inflammatory biomarkers are implicated in
atherosclerosis; each one increases our understanding of
this complex process. Interleukin-6 (IL-6) is among the
well-studied inflammatory biomarkers related to cardio-
vascular risk [10–13]. Lipoprotein-associated phospho-
lipase A2 (Lp-PLA2) is a member of the phospholipase
A2 family produced by inflammatory cells and mediates
vascular inflammation [14]. Elevated plasma Lp-PLA2

activity is positively correlated with an increase in in-
flammatory cytokines, particularly IL-6 [15]. A meta-
analysis of the prospective studies of Lp-PLA2 showed
an association between Lp-PLA2 activity and mass and a
worse prognosis of coronary artery disease (CAD), ische-
mic stroke, and vascular mortality [16]. In particular, a
higher level of Lp-PLA2 activity may imply a worse car-
diovascular prognosis in high-risk patients referred for

coronary angiography [17]. In addition to the effects that
fatty acid intake can have on the concentrations of lipids
and inflammatory markers, they may affect the level of
plasma C3 [14], which, itself, has been associated with
atherosclerosis and cardiovascular risk factors [18].
Research on the impacts of olive and canola oils on

cardiovascular biomarkers, particularly on inflammatory
biomarkers, is scarce. Therefore, the present study aimed
to examine the effects of CO and OO on plasma lipids,
inflammatory cytokines, Lp-PLA2 mass and activity, and
complement C3 and C4 concentrations in individuals
undergoing coronary angiography.

Materials and methods
Participants
The participants were patients who referred for coronary
angiography to the Shahid Rajaei Cardiovascular, Med-
ical & Research Center, Tehran, Iran. Patients entered
the study 1 month after undergoing angiography to en-
sure that their medical and pharmacological status was
stable.
Eligible subjects were men and post-menopausal

women less than 75 years of age who had at least one
major cardiovascular risk factor, such as hypertension,
diabetes mellitus, dyslipidemia, or acute cardiac event.
The exclusion criteria were the regular use of anti-
inflammatory medication, dietary antioxidants, or
omega-3 supplements during the month prior to the
study; any changes in the disease treatment plan, includ-
ing type or dose of drugs or coronary artery bypass graft
(CABG); and gastrointestinal complications such as diar-
rhea during the study. In addition, participants with low
adherence to the intervention (who consumed less than
80% of the olive or canola oils delivered at baseline) were
excluded from the study.

Study design
The present study was a randomized, controlled, open-
label, parallel-arm clinical trial conducted in the spring
and summer of 2019 in Tehran, Iran. The enrollment
period ran from June 18, 2019 to September 15, 2019.
At baseline, demographic and medical information was
obtained through face-to-face interviews and reviews of
medical files, respectively. Cardiovascular risk factors
(hypertension, diabetes, and dyslipidemia) and past med-
ical histories were determined from the patients’ medical
records. All participants received dietary advice on a
heart-healthy diet at baseline. Daily consumption of at
least five servings of fruits and vegetables, substituting
lower-fat dairy products and meats for higher fats ones,
and lower use of salt and simple sugars were among the
dietary advice provided. Next, the participants were ran-
domly assigned to one of the two groups in a 1:1 ratio
following simple randomization procedures using
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computerized random numbers by one of the study re-
searchers not involved in patient care. Participants were
requested to consume a daily amount of 25 mL of re-
fined olive oil (OO) (Etka, Roodbar, Iran) or canola oil
(CO) (CanaPlus, British Columbia, Canada) raw with
meals for 6 weeks. The fatty acid composition of OO
and CO is shown in Table 1. Olive and canola oils were
provided to patients in sufficient quantities. To ensure
compliance with the intervention and proper oil con-
sumption, participants were followed up weekly by tele-
phone contact. If a participant consumed the
recommended amount of oil (25 ml per day) less than 5
days a week, s/he was excluded from the study.
The procedures followed in this trial were in accordance

with the 1964 Helsinki Declaration, and the study protocol
was approved by the Ethics Committee of the National
Nutrition & Food Technology Research Institute, Tehran,
Iran (No. IR.SBMU.NNFTRI.REC.1398.074). Written in-
formed consent was obtained from all participants prior
to beginning the study. This clinical trial was registered at
the Iranian Registry Center of Clinical Trials (IRCT)
(registration number: 20160702028742N5).

Anthropometric measures
Participant weight and height were measured at baseline
and after 6 weeks of intervention by the study dietitian.
Weight was measured without shoes, coats, or jackets
using a digital scale. Height was measured without shoes
using a wall-mounted stadiometer.

Biochemical parameters
Venous blood samples were obtained from each patient
after 12-h overnight fasting and collected into heparin-
ized tubes at baseline and after 6 weeks of intervention.
The blood samples were centrifuged (4000 rpm for 20
min), and the resulting plasma was stored at − 80 °C.
Plasma Lp-PLA2 mass and activity were analyzed by a
commercially available ELISA kit (ZellBio GmbH, Ulm,
Germany) and commercial colorimetric assay kit (Cay-
man Chemical, Ann Arbor, MI, USA), respectively. A
commercially available ELISA kit (Biolegend, San Diego,
CA, USA) was used to measure plasma IL-6

concentration. Plasma lipids and lipoproteins were ana-
lyzed using the colorimetry method with an auto-
analyzer (Selectra 2, Vital Scientific, Spankeren, The
Netherlands) using commercial kits (Pars Azmoon, Ka-
raj, Iran). Low-density lipoprotein-cholesterol (LDL-C)
was measured using a direct enzymatic method. The
small-dense LDL-cholesterol content in plasma was
quantitated according to the method described previ-
ously [19]. Non-high density lipoprotein-cholesterol
(Non-HDL-C) was calculated by subtracting HDL-C
from total cholesterol. Plasma levels of complement C3
and C4 were determined using the turbidimetric method
with commercial kits (Pars Azmoon, Karaj, Iran) using
an auto-analyzer.

Dietary intakes and physical activity
Dietary intake and physical activity levels were moni-
tored at baseline and after 6 weeks. Dietary intake was
assessed using the 24-h dietary recall questionnaire com-
pleted in 3 days (two regular days in the middle of the
week and 1 day on the weekend) by a trained dietitian.
Participants were asked to maintain their habitual life-
style throughout the study. Recall data was analyzed
using the Nutritionist software (version IV, N-Squared
Computing, San Bruno, CA, USA) to which was added
the local food data.

Statistical analysis
Although the primary outcome was Lp-PLA2, sample
size could not be calculated based on this variable, be-
cause according to our search, no study has compared
the effects of CO and OO on Lp-PLA2 mass or activity.
Nonetheless, studies have shown that Lp-PLA2 trans-
ported in plasma is predominantly (80%) associated with
LDL-C [20]. Therefore, the study sample size was calcu-
lated using LDL-C as the primary outcome variable. To
detect a change in the mean of LDL-C concentration
(10 mg/dL) as reported in a previous investigation [21]
at the 5% level of significance and with 80% power, 24
participants were needed in each arm of the two-arm
trial.
Data was analyzed using SPSS software for Windows

version 21 (SPSS Inc., Chicago, IL, USA). All values were
reported as mean ± SD or percentage (%). The per-
protocol analysis was performed (i.e., only those who
completed the study were included in the analyses). The
normality of distribution of the study variables was
tested by the Shapiro-Wilk test. When the variables were
not normally distributed, raw values were log-
transformed. Analysis of covariance (ANCOVA) was
used to compare the 6-week values between the groups
using the baseline measures as the covariate. Paired sam-
ples t-test was used to compare the measurements in
the beginning and at the end of the intervention within

Table 1 Chemical composition of oils

Chemical Component Canola Oil Refined Olive Oil

Fatty Acid (per 100 g):

Total SFAs 6.40 17.87

Total MUFA 61.37 66.68

Oleic acid 59.36 65.70

Total PUFAs 29.20 11.75

Linoleic acid 20.26 11.23

Alpha-linolenic acid 8.48 0.48
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the study groups. The χ2 test was used to compare cat-
egorical variables. The statistical significance level was
set at p = 0.05 (two tails).

Results
A total of 100 patients were screened for eligibility, and
48 patients entered the study. Six patients were excluded
during the intervention due to low adherence to dietary
intervention, travel, and refusal to continue. Therefore,
the final study population comprised 42 subjects: 22
subjects in the OO group, and 20 subjects in the CO
group (Fig. 1). Table 2 summarizes the general charac-
teristics of the participants. No significant differences
were observed in baseline characteristics between the
two groups.
Baseline levels and 6-week changes in anthropometric

measures are shown in Table 3. There were no signifi-
cant differences between the OO and CO groups con-
cerning body weight or physical activity at baseline and
after intervention.
As shown in Table 4, energy and dietary intakes of

nutrients did not differ between the groups at base-
line. Dietary intakes of total fat and monounsaturated
fat in both groups increased during the intervention
due to the consumption of olive and canola oils.
However, there were no differences in the dietary in-
takes of the two groups at 6 weeks after intervention.

Plasma levels of lipids, lipoproteins, and inflammatory
markers are shown in Table 5. The baseline values were
not different between the two groups. CO consumption
resulted in a significant reduction in plasma Lp-PLA2

mass (p = 0.008, power = 0.78) during the 6 weeks,
whereas the mean changes of IL-6 concentration were
significantly lower after OO consumption compared
with CO consumption (p = 0.008, power = 0.80). After 6
weeks of intervention, plasma Lp-PLA2 activity, C3, C4,
and lipid profiles had no significant changes in either
group (Table 5). Owing to some loss to follow-up, the
statistical power to detect differences in LDL-C was de-
creased (the actual power of test analysis was 0.70).

Discussion
The present study suggests that a relatively short diet-
ary intervention with refined olive oil can have a sig-
nificant effect on plasma IL-6 concentration. In
contrast, canola oil may impact plasma Lp-PLA2 mass
without changing lipoproteins or other inflammatory
biomarkers in patients referring for coronary angiog-
raphy (Fig. 2).
In the present study, the consumption of olive oil

had a greater lowering effect on plasma IL-6 concen-
tration. The difference in plasma IL-6 levels between
the two groups can be related to the difference in
fatty acid composition of canola and olive oils. In

Fig. 1 Consort flow diagram of selection and allocation of the participants included in the study
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particular, olive oil consists of 14.5% SFA, 70% oleic
acid, 11% linoleic acid, and 1.5% palmitoleic acid,
whereas canola oil is characterized by a low level of
SFAs (7%); 61% oleic acid, 19% linoleic acid, and 9%
alpha-linolenic acid (ALA) [22]. Compared to canola
oil, the amount of oleic and palmitoleic acid in olive
oil is higher. In vitro studies have shown that the
addition of oleic or palmitoleic acid to the cell culture
medium is effective in reducing or preventing in-
creases in IL-6 levels [23–26]. Some human studies
have shown evidence of an inverse association be-
tween oleic acid and IL-6 concentration [27]. In
addition, a diet rich in MUFA may also lower throm-
botic factors, including the von Willebrand factor

[28], the plasma levels of which are increased in high
risk populations [29], and its release may be induced
by IL-6 [30].
A growing body of evidence indicates that Lp-PLA2

represents an independent risk factor for CVD. Lp-PLA2

belongs to the family of structurally diverse phospholip-
ase A2 enzymes also known as platelet-activating factor
acetylhydrolase (PAF-AH) [31]. Circulating Lp-PLA2 is
primarily associated with LDL-C; the majority of it is
bound to atherogenic small-dense LDL-C particles [32].
In the present study, the consumption of CO-reduced
plasma Lp-PLA2 mass but not of its activity. Previous
studies have shown a modest correlation between Lp-
PLA2 mass and activity (30, 31). It has been suggested

Table 2 Baseline characteristics of the participants a

Variable Olive Oil group (n = 22) Canola Oil group (n = 20) P-value b

Age (year) 55.09 ± 6.92 59.30 ± 5.84 0.44

Sex (Male) 20 (91%) 18 (90%) 0.66

PCI history 16 (73%) 16 (80%) 0.89

CABG history 2 (9.1%) 1 (5%) 0.86

Diabetes Mellitus 8 (36%) 8 (40%) 0.91

Hypertension 11 (50%) 11 (55%) 0.92

Dyslipidemia 12 (54%) 8 (40%) 0.55

Overweight 16 (73%) 11 (55%) 0.19

Smoking 8 (36%) 4 (20%) 0.30

Medications:

Aspirin 21 (95%) 20 (100%) 0.93

Clopidogrel 15 (68%) 10 (50%) 0.29

Statins 20 (91%) 19 (95%) 0.93

ACEI 9 (41%) 4 (20%) 0.12

ARB 10 (45%) 13 (65%) 0.42

BB 15 (68%) 15 (75%) 0.81

Nitrates 7 (31%) 7 (35%) 0.90

Aldosteron Antagonist 5 (22%) 1 (5%) 0.17
aData presentedas Mean ± SD or number (percentage)
bData were compared using Independent t-testor Chi-square test
PCI Percutaneous Coronary Intervention, CABG Coronary Artery Bypass Graft, ACEI Angiotensin Converting Enzyme Inhibitor, ARB Angiotensin Receptor Blocker,
BB Beta-Blocker

Table 3 Anthropometric measures and physical activity of the participantsa

Variable Time Olive Oil group (n = 22) Canola Oil group (n = 20) P-valueb

Body Weight (kg) Baseline 80.45 ± 11.77 78.65 ± 12.81 0.62

6-week 80.45 ± 11.49 78.30 ± 12.47 0.64

BMI (kg/m2) Baseline 26.91 ± 3.38 27.31 ± 4.39 0.34

6-week 26.94 ± 3.35 27.19 ± 4.31 0.30

Physical Activity (MET-h/day) Baseline 27.99 ± 5.23 27.30 ± 3.49 0.65

6-week 28.01 ± 5.23 27.36 ± 3.57 0.69
aAll values are Mean ± SD
bData were compared using Independent t-test
BMI Body Mass Index, MET Metabolic Equivalent
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that Lp-PLA2 is associated with LDL-C in plasma, and
this may result in the under-detection of Lp-PLA2 mass
by the ELISA method (32). However, all study samples
were measured in the same way in the current study,
thus possible under-detection of the Lp-PLA2 mass was
the same for the baseline and the final samples. Despite
this, both Lp-PLA2 mass and activity are predictors of
CVD events (33, 34). It has been shown that tocopherols
could inhibit Lp-PLA2 activity [33]. The amount of
alpha-tocopherol found in olive and canola oils is

similar; however, canola oil is richer in gamma-
tocopherol [34], which may influence the observed effect
on Lp-PLA2. The observed decrease in Lp-PLA2 levels
following CO consumption may also be related to its n-
3 fatty acid content. Canola oil contains more PUFAs
(both n-6 and n-3) and less MUFA than olive oil. In pa-
tients admitted to elective coronary angiography, the
content of long-chain n-3 PUFA eicosapentaenoic acid
(EPA) in adipose tissue was inversely associated with
plasma Lp-PLA2 mass [35]. Similarly, in participants of

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

Variable Time Olive Oil groupb (n = 22) Canola Oilgroupb (n = 20) P-value c

Energy (kcal) Baseline 1781.40 ± 196.10 1767.20 ± 146.19 0.55

6-week 1850.72 ± 143.20 1801.20 ± 140.44 0.26

Carbohydrate (g) Baseline 233.05 ± 32.18 235.20 ± 28.75 0.82

6-week 234.25 ± 33.57 232.85 ± 29.33 0.73

Carbohydrate (%) Baseline 51.90 ± 4.60 53.26 ± 5.16 0.38

6-week 50.47 ± 4.20 51.24 ± 4.97 0.60

Protein (g) Baseline 69.75 ± 15.55 74.25 ± 15.12 0.36

6-week 70.65 ± 11.27 73.30 ± 11.47 0.46

Protein (%) Baseline 15.51 ± 3.05 16.76 ± 2.84 0.18

6-week 15.29 ± 2.27 16.26 ± 2.05 0.16

Total Fat (g) Baseline 64.30 ± 11.59 59.05 ± 9.93 0.13

6-week 71.40 ± 7.91 † 68.90 ± 8.36† 0.33

Total Fat (%) Baseline 32.17 ± 4.53 30.05 ± 4.15 0.13

6-week 34.87 ± 4.36 † 34.47 ± 3.83† 0.75

SFA (g) Baseline 16.00 ± 4.56 16.10 ± 5.09 0.94

6-week 14.90 ± 3.56 13.75 ± 3.37 0.30

SFA (%) Baseline 7.99 ± 2.01 8.15 ± 2.24 0.82

6-week 7.28 ± 1.85 6.84 ± 1.44 0.40

MUFA (g) Baseline 19.45 ± 6.73 18.45 ± 4.09 0.26

6-week 30.30 ± 4.37 † 28.50 ± 3.53† 0.18

MUFA (%) Baseline 11.18 ± 2.99 10.38 ± 1.90 0.12

6-week 14.79 ± 2.45 † 14.25 ± 1.59† 0.10

PUFA (g) Baseline 25.10 ± 6.48 22.45 ± 4.11 0.13

6-week 23.75 ± 4.65 24.40 ± 2.76 0.59

PUFA (%) Baseline 12.58 ± 3.03 11.47 ± 2.21 0.19

6-week 11.56 ± 2.16 12.22 ± 1.37 0.25

Omega-3 (mg) Baseline 213.30 ± 178.73 167.25 ± 92.56 0.31

6-week 233.85 ± 150.65 221.55 ± 66.09† 0.27

Cholesterol (mg) Baseline 167.65 ± 82.15 170.00 ± 55.65 0.91

6-week 157.00 ± 73.63 167.35 ± 60.39 0.63

Fiber (g) Baseline 15.45 ± 2.32 14.60 ± 3.78 0.88

6-week 15.90 ± 2.78 15.75 ± 3.24 0.87
aAll values are Mean ± SD
b The daily olive or canola oil consumption is considered
cData were compared using Independent t-test
†Significantly different from Baseline. Data were compared using Paired t-test
SFA Saturated Fatty Acid, MUFA Monounsaturated Fatty Acids, PUFA Polyunsaturated Fatty Acids
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Table 5 Measures of biochemical variables by intervention groups a

Variable Olive Oil group (n = 22) Canola Oil group (n = 20) P c

Baseline 6-Week Δ value b Baseline 6-Week Δ value b

TC (mg/dL) 116.77 ± 25.15 124.36 ± 28.94 8.45 ± 17.67 136.25 ± 46.45 133.35 ± 47.54 −2.90 ± 16.81 0.10

LDL-C (mg/dL) 63.64 ± 13.72 67.36 ± 17.39 3.68 ± 11.27 74.65 ± 30.46 72.90 ± 28.98 −1.75 ± 9.03 0.16

sd-LDL (mg/dL) 24.14 ± 10.32 23.14 ± 11.18 −0.91 ± 6.34 22.10 ± 7.51 21.00 ± 9.48 − 1.10 ± 6.35 0.62

HDL-C (mg/dL) 37.73 ± 7.92 39.50 ± 7.46 1.50 ± 5.80 42.90 ± 6.49 43.15 ± 8.33 0.35 ± 5.21 0.79

TC/HDL-C 3.17 ± 0.47 3.25 ± 0.71 0.08 ± 0.39 3.06 ± 0.72 3.10 ± 0.83 0.03 ± 0.33 0.81

TG (mg/dL) 112.73 ± 33.04 120.50 ± 61.38 7.63 ± 36.45 122.45 ± 31.94 126.05 ± 35.40 3.90 ± 20.92 0.32

Lp-PLA2 mass
(ng/mL)

5.66 ± 4.09 6.00 ± 4.51 0.34 ± 1.57 3.96 ± 2.45 2.99 ± 1.65 − 0.97 ± 1.84 † 0.008

Lp-PLA2 Activity (nmol/min/mL) 0.022 ± 0.013 0.021 ± 0.017 − 0.000 ± 0.008 0.012 ± 0.003 0.010 ± 0.004 − 0.001 ± 0.002 0.74

IL-6 (pg/mL) 21.95 ± 20.38 12.49 ± 13.70 − 9.46 ± 9.46 † 19.53 ± 10.52 18.62 ± 8.55 −0.90 ± 6.80 0.008

C3 (g/L) 199.32 ± 35.04 200.68 ± 33.63 1.36 ± 36.64 205.30 ± 44.46 223.50 ± 42.40 18.10 ± 49.00 0.08

C4 (g/L) 38.82 ± 11.99 36.23 ± 9.48 −2.59 ± 9.09 39.20 ± 9.03 34.60 ± 10.35 −4.55 ± 12.43 0.52

C3/C4 5.56 ± 1.98 5.37 ± 2.08 0.23 ± 0.91 5.37 ± 2.08 6.36 ± 2.45 0.99 ± 2.53 0.27
a All values are Mean ± SD
b Change of parameter between 6-week and baseline (6-week minus baseline)
c The values for 6-week were analyzed using ANCOVA with baseline values as covariate
† Significantly different from baseline. Data were compared using Paired t-test
TC Total Cholesterol, LDL-C Low Density Lipoprotein-Cholesterol, sd-LDL Small Dense LDL, HDL High Density Lipoprotein-Cholesterol, TG Triglyceride, Lp-PLA2
Lipoprotein-Associated Phospholipase A2, IL-6 Interleukin-6, C3 Complement component 3, C4 Complement component 4

Fig. 2 Summary of research rationale and main findings
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the Multi-Ethnic Study of Atherosclerosis, plasma Lp-
PLA2 mass and activity were significantly lower in those
with higher plasma EPA and docosahexaenoic acid
(DHA) levels [36]. The evidence from intervention trials
examining the influence of n-3 PUFAs on Lp-PLA2 is
ambiguous. In healthy people, two studies have reported
no effect of n-3 PUFA supplementation on Lp-PLA2 [37,
38]. Nelson et al. showed that supplementation with n-3
fatty acid capsules (fish oil or flaxseed oil) over 8 weeks
had no significant effect on plasma Lp-PLA2 mass or ac-
tivity when compared to the control (olive oil capsule
supplementation) [37]. In contrast, Asztalos et al.
showed that compared to the placebo (6 g/day olive oil),
supplementation with the higher dose of EPA (1800 mg)
but not DHA or a lower dose of EPA (600 mg) over 6
weeks can reduce Lp-PLA2 mass in a healthy population
[39]. Apart from the effects in healthy subjects, an in-
crease in n-3 intake has been shown to decrease Lp-
PLA2 levels in patients with cardiovascular risk factors.
In stable CAD patients undergoing percutaneous coron-
ary intervention, the administration of omega-3 PUFA
(1 g/day) for 4 weeks decreased Lp-PLA2 mass and activ-
ity compared to the control (soybean oil capsules) [40].
Similar findings have been observed in patients with dia-
betes [41] and subjects who had residual hypertriglyc-
eridemia after receiving statins [42, 43].
The pro-atherogenic role of Lp-PLA2 could be related

to its ability to hydrolyze oxidized phospholipids on the
LDL-C surface, resulting in the generation of two proin-
flammatory and pro-apoptotic lipid mediators, lysopho-
sphatidylcholine, and oxidized free fatty acids, which
play an important role in the development of athero-
sclerotic necrotic cores by recruiting and activating mac-
rophages or leukocytes [44]. In the present study,
although canola oil reduced Lp-PLA2 levels, it had no
significant effect on inflammatory factors. Consistent
with this result, supplementation with n-3 fatty acids
(EPA) reduced plasma Lp-PLA2 without having a signifi-
cant effect on plasma inflammatory biomarkers, includ-
ing IL-6 [39].
Complement factors C3 and C4 have been associ-

ated with atherosclerosis and cardiovascular risk fac-
tors [18] and have shown substantial correlations with
cardiovascular risk factors [45]. Plasma C3 and C4
did not change in either group. In a previous study,
an increase was observed in C3 concentration after
the intake of high saturated fat compared with high-
monounsaturated fat [14].
In the current study, neither olive oil nor canola oil

consumption had a significant impact on plasma lipids
or lipoproteins. Consistent with these findings, previous
studies have reported no significant effect of the intake
of refined OO (60 g/day) on plasma TG, LDL-C, or
HDL-C levels in mildly hypercholesterolemic subjects

who were not on lipid-lowering medications [46] or in
stable coronary artery disease patients (50 mL/day) [47].
However, some previous studies have reported the bene-
ficial effects of CO on plasma lipids [48–51]. Neverthe-
less, it should be noted that the study population in
these studies were healthy people or those with cardio-
vascular risk factors who were not taking lipid-lowering
agents. In contrast, most of the participants in the
present study were under statin therapy and had an
optimum level of plasma lipids. Therefore, the beneficial
effects of canola oil on plasma lipid profiles appear to be
evident in patients whose plasma lipids are high at base-
line and are not on lipid-lowering medication. CO or
OO intake in the context of a lipid-lowering diet for 3.5
weeks in hyperlipidemic subjects who were not on lipid-
lowering agents had similar effects on serum lipoprotein
concentration [22].

Study strengths and limitations
The comparison of two commonly consumed edible
oils and the detailed data collection were strengths of
the current study; however, the present study also
had some limitations. The study had no run-in
period. Since participants received dietary advice on a
heart-healthy diet at baseline, effects due to changes
in dietary habits could not be excluded, and part of
the observed effects on investigated biomarkers may
be related to dietary habits modification. Participants
of both groups received similar dietary advice, how-
ever, and the potential effects were present in both
groups. The duration of dietary intervention was rela-
tively short. Furthermore, some participants were lost
to follow-up and/or discontinued the intervention,
which reduced the final sample size. In addition, we
were unable to blind the participants because of the
sensory and appearance characteristics of the two oils.
Moreover, the study could not be conducted in a
tightly regulated, controlled feeding design. The study
oils were provided to individuals (more than each
participant’s need), and their consumption was moni-
tored weekly. Because most participants were male,
the sample cannot be considered representative, and
this may limit the findings to a specific sex. Further-
more, the cross-over study design could have reduced
the confounding factors associated with the inherited
characteristics of the participants. Nevertheless, cross-
over studies require that study participants be
followed for a more extended period and that their
treatment plan should not change during this time.
Moreover, given that most of the population spends
most of their time in the postprandial state, measure-
ments of postprandial lipids and inflammatory
markers could have provided additional information
on potential changes in cardiovascular risk.
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Conclusions
In summary, each of the refined olive or canola oils
improved one of the inflammatory CVD risk factors.
Comparing the two vegetable oils in subjects with car-
diovascular risk factors showed that the consumption of
olive oil is more effective in reducing the level of inflam-
matory cytokine IL-6, whereas canola oil is more effect-
ive in lowering the level of LP-PLA2. Regarding the role
of the circulating level of IL-6 in predicting future cor-
onary heart disease events [52–54], a decrease in IL-6
level following olive oil consumption can reduce the risk
of cardiovascular events. On the other hand, canola oil
consumption decreased the level of Lp-PLA2, the in-
creased levels of which have been associated with in-
creased risk of cardiovascular events [16]. This finding
should be interpreted with caution, however, because
the Lp-PLA2 activity did not change significantly. Over-
all, the consumption of either refined olive or canola oils
in the context of a healthy diet may have a beneficial ef-
fect on the secondary prevention of CVD by improving
inflammatory risk factors.

Abbreviations
ALA: Alfa-linolenic acid; ANCOVA: Analysis of covariance; CABG: Coronary
artery bypass graft; CAD: Coronary artery disease; CO: Canola oil;
CVD: Cardiovascular disease; DHA: Docosahexaenoic acid;
EPA: Eicosapentaenoic acid; HDL-C: High-density lipoprotein cholesterol; IL-
6: Interleukin-6; LDL-C: Low-density lipoprotein cholesterol; Lp-
PLA2: Lipoprotein-associated phospholipase A2; MUFA: Monounsaturated
fatty acid; OO: Olive oil; PUFA: Polyunsaturated fatty acid; SFA: Saturated fatty
acid; TG: Triglycerides

Acknowledgments
The study was supported by a grant from National Nutrition, and Food
Technology Research Institute, Shahid Beheshti University of Medical
Sciences, Tehran, Iran. The authors thank the personnel of Rajaie
Cardiovascular, Medical & Research Center. We are also grateful to all
participants in the study.

Authors’ contributions
NK was responsible for designing the research protocol, writing the protocol,
conducting the research, screening potentially eligible studies, conducting
biochemical tests, extracting and analyzing data, interpreting results, and
writing the paper. JN was responsible for designing the research protocol
and screening of potentially eligible studies. He contributed to extracting
and analyzing data, interpreting results, and writing the paper. AZ assisted in
conducting the research, especially in medical consultation & material
support, and study supervision. The author(s) read and approved the final
manuscript.

Funding
The study was supported by a grant from National Nutrition, and Food
Technology Research Institute, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article [and its supplementary information files].

Ethics approval and consent to participate
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.1398.074), and written
informed consent were obtained from all patients.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Clinical Nutrition & Dietetics, National Nutrition, and Food
Technology Research Institute, Faculty of Nutrition Sciences and Food
Technology, Shahid Beheshti University of Medical Sciences, No. 7, Hafezi St.,
Farahzadi Blvd., Qods Town, Tehran, Iran. 2Cardiovascular Intervention
Research Center, Rajaie Cardiovascular, Medical & Research Center, Iran
University of Medical Sciences, Tehran, Iran.

Received: 21 June 2020 Accepted: 5 August 2020

References
1. Cicero AFG, Fogacci F, Colletti A. Food and plant bioactives for reducing

cardiometabolic disease risk: an evidence based approach. Food Funct.
2017;8:2076–88.

2. Sacks FM, Lichtenstein AH, Wu JHY, Appel LJ, Creager MA, Kris-Etherton PM,
Miller M, Rimm EB, Rudel LL, Robinson JG, et al. Dietary fats and
cardiovascular disease: a presidential advisory from the American Heart
Association. Circulation. 2017;136:e1–e23.

3. Gillingham LG, Harris-Janz S, Jones PJ. Dietary monounsaturated fatty acids
are protective against metabolic syndrome and cardiovascular disease risk
factors. Lipids. 2011;46:209–28.

4. Foscolou A, Critselis E, Panagiotakos D. Olive oil consumption and human
health: a narrative review. Maturitas. 2018;118:60–6.

5. Lin L, Allemekinders H, Dansby A, Campbell L, Durance-Tod S, Berger A,
Jones PJ. Evidence of health benefits of canola oil. Nutr Rev. 2013;71:370–85.

6. Huang CL, Sumpio BE. Olive oil, the Mediterranean diet, and cardiovascular
health. J Am Coll Surg. 2008;207:407–16.

7. Fogacci F, Strocchi E, Veronesi M, Borghi C, Cicero AFG. Effect of Omega-3
polyunsaturated fatty acids treatment on lipid pattern of HIV patients: a
meta-analysis of randomized clinical trials. Mar Drugs. 2020;18:292.

8. Johnson GH, Keast DR, Kris-Etherton PM. Dietary modeling shows that the
substitution of canola oil for fats commonly used in the United States
would increase compliance with dietary recommendations for fatty acids. J
Am Diet Assoc. 2007;107:1726–34.

9. Enriquez JR, de Lemos JA. Should we focus on novel risk markers and
screening tests to better predict and prevent cardiovascular disease? Point.
Prev Cardiol. 2010;13:152–9.

10. Zakynthinos E, Pappa N. Inflammatory biomarkers in coronary artery disease.
J Cardiol. 2009;53:317–33.

11. Kaptoge S, Seshasai SR, Gao P, Freitag DF, Butterworth AS, Borglykke A, Di
Angelantonio E, Gudnason V, Rumley A, Lowe GD, et al. Inflammatory
cytokines and risk of coronary heart disease: new prospective study and
updated meta-analysis. Eur Heart J. 2014;35:578–89.

12. Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive protein as a
risk factor for coronary heart disease: a systematic review and meta-analyses
for the U.S. preventive services task force. Ann Intern Med. 2009;151:483–95.

13. Cesari M, Penninx BW, Newman AB, Kritchevsky SB, Nicklas BJ, Sutton-Tyrrell
K, Rubin SM, Ding J, Simonsick EM, Harris TB, Pahor M. Inflammatory
markers and onset of cardiovascular events: results from the health ABC
study. Circulation. 2003;108:2317–22.

14. Lopes LL, Rocha D, Silva AD, Peluzio M, Bressan J, Hermsdorff HHM.
Postprandial lipid response to high-saturated and high-monounsaturated
fat meals in Normal-weight or overweight women. J Am Coll Nutr. 2018;37:
308–15.

15. Chae JS, Kim OY, Paik JK, Kang R, Seo WJ, Jeong TS, Sweeney G, Lee SH, Lee
JH. Association of Lp-PLA(2) activity and LDL size with interleukin-6, an
inflammatory cytokine and oxidized LDL, a marker of oxidative stress, in
women with metabolic syndrome. Atherosclerosis. 2011;218:499–506.

16. Lp PLASC, Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E,
Kaptoge S, Ballantyne C, Cannon CP, Criqui M, et al. Lipoprotein-associated
phospholipase a(2) and risk of coronary disease, stroke, and mortality:
collaborative analysis of 32 prospective studies. Lancet. 2010;375:1536–44.

17. Maiolino G, Pedon L, Cesari M, Frigo AC, Wolfert RL, Barisa M, Pagliani L,
Rossitto G, Seccia TM, Zanchetta M, Rossi GP. Lipoprotein-associated

Khandouzi et al. Lipids in Health and Disease          (2020) 19:183 Page 9 of 10



phospholipase A2 activity predicts cardiovascular events in high risk
coronary artery disease patients. PLoS One. 2012;7:e48171.

18. Onat A, Uzunlar B, Hergenc G, Yazici M, Sari I, Uyarel H, Can G, Sansoy V.
Cross-sectional study of complement C3 as a coronary risk factor among
men and women. Clin Sci (Lond). 2005;108:129–35.

19. Hirano T, Ito Y, Saegusa H, Yoshino G. A novel and simple method for
quantification of small, dense LDL. J Lipid Res. 2003;44:2193–201.

20. Zalewski A, Macphee C. Role of lipoprotein-associated phospholipase A2 in
atherosclerosis: biology, epidemiology, and possible therapeutic target.
Arterioscler Thromb Vasc Biol. 2005;25:923–31.

21. Lichtenstein AH, Ausman LM, Carrasco W, Jenner JL, Gualtieri LJ, Goldin BR,
Ordovas JM, Schaefer EJ. Effects of canola, corn, and olive oils on fasting
and postprandial plasma lipoproteins in humans as part of a National
Cholesterol Education Program Step 2 diet. Arterioscler Thromb. 1993;13:
1533–42.

22. Nydahl M, Gustafsson IB, Ohrvall M, Vessby B. Similar effects of rapeseed oil
(canola oil) and olive oil in a lipid-lowering diet for patients with
hyperlipoproteinemia. J Am Coll Nutr. 1995;14:643–51.

23. de Souza CO, Valenzuela CA, Baker EJ, Miles EA, Rosa Neto JC, Calder PC.
Palmitoleic acid has stronger anti-inflammatory potential in human
endothelial cells compared to oleic and Palmitic acids. Mol Nutr Food Res.
2018;62:e1800322.

24. Gillet C, Spruyt D, Rigutto S, Dalla Valle A, Berlier J, Louis C, Debier C,
Gaspard N, Malaisse WJ, Gangji V, Rasschaert J. Oleate abrogates Palmitate-
induced lipotoxicity and Proinflammatory response in human bone
marrow-derived Mesenchymal stem cells and Osteoblastic cells.
Endocrinology. 2015;156:4081–93.

25. Rodriguez-Pacheco F, Gutierrez-Repiso C, Garcia-Serrano S, Alaminos-Castillo
MA, Ho-Plagaro A, Valdes S, Garcia-Arnes J, Gonzalo M, Andrade RJ, Moreno-
Ruiz FJ, et al. The pro−/anti-inflammatory effects of different fatty acids on
visceral adipocytes are partially mediated by GPR120. Eur J Nutr. 2017;56:
1743–52.

26. Coll T, Eyre E, Rodriguez-Calvo R, Palomer X, Sanchez RM, Merlos M, Laguna
JC, Vazquez-Carrera M. Oleate reverses palmitate-induced insulin resistance
and inflammation in skeletal muscle cells. J Biol Chem. 2008;283:11107–16.

27. Baer DJ, Judd JT, Clevidence BA, Tracy RP. Dietary fatty acids affect plasma
markers of inflammation in healthy men fed controlled diets: a randomized
crossover study. Am J Clin Nutr. 2004;79:969–73.

28. Rasmussen O, Thomsen C, Ingerslev J, Hermansen K. Decrease in von
Willebrand factor levels after a high-monounsaturated-fat diet in non-
insulin-dependent diabetic subjects. Metabolism. 1994;43:1406–9.

29. Gragnano F, Golia E, Natale F, Bianchi R, Pariggiano I, Crisci M, Diana V,
Fimiani F, Limongelli G, Russo M, et al. Von Willebrand factor and
cardiovascular disease: from a biochemical marker to an attractive
therapeutic target. Curr Vasc Pharmacol. 2017;15:404–15.

30. Bernardo A, Ball C, Nolasco L, Moake JF, Dong JF. Effects of inflammatory
cytokines on the release and cleavage of the endothelial cell-derived ultralarge
von Willebrand factor multimers under flow. Blood. 2004;104:100–6.

31. Six DA, Dennis EA. The expanding superfamily of phospholipase a(2)
enzymes: classification and characterization. Biochim Biophys Acta. 2000;
1488:1–19.

32. Tellis CC, Tselepis AD. The role of lipoprotein-associated phospholipase A2
in atherosclerosis may depend on its lipoprotein carrier in plasma. Biochim
Biophys Acta. 1791;2009:327–38.

33. Grau A, Ortiz A. Dissimilar protection of tocopherol isomers against
membrane hydrolysis by phospholipase A2. Chem Phys Lipids. 1998;91:
109–18.

34. Saini RK, Keum Y-S. Tocopherols and tocotrienols in plants and their
products: a review on methods of extraction, chromatographic separation,
and detection. Food Res Int. 2016;82:59–70.

35. Schmidt EB, Koenig W, Khuseyinova N, Christensen JH. Lipoprotein-
associated phospholipase A2 concentrations in plasma are associated with
the extent of coronary artery disease and correlate to adipose tissue levels
of marine n-3 fatty acids. Atherosclerosis. 2008;196:420–4.

36. Steffen BT, Steffen LM, Liang S, Tracy R, Jenny NS, Tsai MY. n-3 and n-6 fatty
acids are independently associated with lipoprotein-associated
phospholipase A2 in the multi-ethnic study of atherosclerosis. Br J Nutr.
2013;110:1664–71.

37. Nelson TL, Hokanson JE, Hickey MS. Omega-3 fatty acids and lipoprotein
associated phospholipase a(2) in healthy older adult males and females. Eur
J Nutr. 2011;50:185–93.

38. Pedersen MW, Koenig W, Christensen JH, Schmidt EB. The effect of marine
n-3 fatty acids in different doses on plasma concentrations of Lp-PLA2 in
healthy adults. Eur J Nutr. 2009;48:1–5.

39. Asztalos IB, Gleason JA, Sever S, Gedik R, Asztalos BF, Horvath KV, Dansinger
ML, Lamon-Fava S, Schaefer EJ. Effects of eicosapentaenoic acid and
docosahexaenoic acid on cardiovascular disease risk factors: a randomized
clinical trial. Metabolism. 2016;65:1636–45.

40. Gajos G, Zalewski J, Mostowik M, Konduracka E, Nessler J, Undas A.
Polyunsaturated omega-3 fatty acids reduce lipoprotein-associated
phospholipase a(2) in patients with stable angina. Nutr Metab Cardiovasc
Dis. 2014;24:434–9.

41. Brinton EA, Ballantyne CM, Bays HE, Kastelein JJ, Braeckman RA, Soni PN.
Effects of icosapent ethyl on lipid and inflammatory parameters in patients
with diabetes mellitus-2, residual elevated triglycerides (200-500 mg/dL),
and on statin therapy at LDL-C goal: the ANCHOR study. Cardiovasc
Diabetol. 2013;12:100.

42. Davidson MH, Maki KC, Bays H, Carter R, Ballantyne CM. Effects of
prescription omega-3-acid ethyl esters on lipoprotein particle
concentrations, apolipoproteins AI and CIII, and lipoprotein-associated
phospholipase a(2) mass in statin-treated subjects with hypertriglyceridemia.
J Clin Lipidol. 2009;3:332–40.

43. Maki KC, Bays HE, Dicklin MR, Johnson SL, Shabbout M. Effects of
prescription omega-3-acid ethyl esters, coadministered with atorvastatin, on
circulating levels of lipoprotein particles, apolipoprotein CIII, and
lipoprotein-associated phospholipase A2 mass in men and women with
mixed dyslipidemia. J Clin Lipidol. 2011;5:483–92.

44. Wilensky RL, Macphee CH. Lipoprotein-associated phospholipase a(2) and
atherosclerosis. Curr Opin Lipidol. 2009;20:415–20.

45. Engstrom G, Hedblad B, Janzon L, Lindgarde F. Complement C3 and C4 in
plasma and incidence of myocardial infarction and stroke: a population-
based cohort study. Eur J Cardiovasc Prev Rehabil. 2007;14:392–7.

46. Namayandeh SM, Kaseb F, Lesan S. Olive and sesame oil effect on lipid profile in
hypercholesterolemic patients, which better? Int J Prev Med. 2013;4:1059–62.

47. Fito M, Cladellas M, de la Torre R, Marti J, Munoz D, Schroder H, Alcantara
M, Pujadas-Bastardes M, Marrugat J, Lopez-Sabater MC, et al. Anti-
inflammatory effect of virgin olive oil in stable coronary disease patients: a
randomized, crossover, controlled trial. Eur J Clin Nutr. 2008;62:570–4.

48. Pedersen A, Baumstark MW, Marckmann P, Gylling H, Sandstrom B. An olive
oil-rich diet results in higher concentrations of LDL cholesterol and a higher
number of LDL subfraction particles than rapeseed oil and sunflower oil
diets. J Lipid Res. 2000;41:1901–11.

49. Iggman D, Gustafsson IB, Berglund L, Vessby B, Marckmann P, Riserus U.
Replacing dairy fat with rapeseed oil causes rapid improvement of
hyperlipidaemia: a randomized controlled study. J Intern Med. 2011;270:356–64.

50. Baxheinrich A, Stratmann B, Lee-Barkey YH, Tschoepe D, Wahrburg U. Effects
of a rapeseed oil-enriched hypoenergetic diet with a high content of alpha-
linolenic acid on body weight and cardiovascular risk profile in patients
with the metabolic syndrome. Br J Nutr. 2012;108:682–91.

51. Kruse M, von Loeffelholz C, Hoffmann D, Pohlmann A, Seltmann AC, Osterhoff M,
Hornemann S, Pivovarova O, Rohn S, Jahreis G, Pfeiffer AF. Dietary rapeseed/
canola-oil supplementation reduces serum lipids and liver enzymes and alters
postprandial inflammatory responses in adipose tissue compared to olive-oil
supplementation in obese men. Mol Nutr Food Res. 2015;59:507–19.

52. Koenig W, Khuseyinova N, Baumert J, Thorand B, Loewel H, Chambless L,
Meisinger C, Schneider A, Martin S, Kolb H, Herder C. Increased
concentrations of C-reactive protein and IL-6 but not IL-18 are
independently associated with incident coronary events in middle-aged
men and women: results from the MONICA/KORA Augsburg case-cohort
study, 1984-2002. Arterioscler Thromb Vasc Biol. 2006;26:2745–51.

53. Danesh J, Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman SB, Wensley
F, Higgins JP, Lennon L, Eiriksdottir G, et al. Long-term interleukin-6 levels
and subsequent risk of coronary heart disease: two new prospective studies
and a systematic review. PLoS Med. 2008;5:e78.

54. Nishida H, Horio T, Suzuki Y, Iwashima Y, Tokudome T, Yoshihara F,
Nakamura S, Kawano Y. Interleukin-6 as an independent predictor of future
cardiovascular events in high-risk Japanese patients: comparison with C-
reactive protein. Cytokine. 2011;53:342–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Khandouzi et al. Lipids in Health and Disease          (2020) 19:183 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Materials and methods
	Participants
	Study design
	Anthropometric measures
	Biochemical parameters
	Dietary intakes and physical activity
	Statistical analysis

	Results
	Discussion
	Study strengths and limitations

	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

