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ABSTRACT

Objective: To determine whether high olive oil consumption, and high plasma oleic acid as an

indirect biological marker of olive oil intake, are associated with lower incidence of stroke in older

subjects.

Methods: Among participants from the Three-City Study with no history of stroke at baseline, we

examined the association between olive oil consumption (main sample, n � 7,625) or plasma oleic

acid (secondary sample, n � 1,245) and incidence of stroke (median follow-up 5.25 years), ascer-

tained according to a diagnosis validated by an expert committee.

Results: In the main sample, 148 incident strokes occurred. After adjustment for sociodemo-

graphic and dietary variables, physical activity, body mass index, and risk factors for stroke, a

lower incidence for stroke with higher olive oil use was observed (p for trend � 0.02). Compared

to those who never used olive oil, those with intensive use had a 41% (95% confidence interval

6%–63%, p � 0.03) lower risk of stroke. In the secondary sample, 27 incident strokes occurred.

After full adjustment, higher plasma oleic acid was associated with lower stroke incidence (p for

trend � 0.03). Compared to those in the first tertile, participants in the third tertile of plasma oleic

acid had a 73% (95% confidence interval 10%–92%, p � 0.03) reduction of stroke risk.

Conclusions: These results suggest a protective role for high olive oil consumption on the risk of

stroke in older subjects. Neurology® 2011;77:418–425

GLOSSARY
3C Study � Three-City Study; BMI � body mass index; CI � confidence interval; HDL � high-density lipoprotein; HR � hazard
ratio; MeDi � Mediterranean diet; MI � myocardial infarction; MUFA � monounsaturated fats.

Cerebrovascular events are responsible for a substantial clinical burden, with their incidence

currently exceeding that of coronary heart disease, in particular in older age groups.1 Risk of

stroke could be reduced by improvement of lifestyle factors, including diet,2 notably by increas-

ing fruits and vegetables consumption3 and decreasing sodium intake, which is strongly corre-

lated with hypertension.4 Adherence to the Mediterranean diet (MeDi)5 was related to a lower

risk of mortality from cardiovascular diseases6 and to a reduction in major cardiovascular risk

factors.7–9 High olive oil consumption is one of the most constant features of the MeDi, and

may account for most of its cardioprotective properties.10 Olive oil contains 80% monounsat-

urated fats (MUFA) in the form of oleic acid, 20% polyunsaturated fats, and several antioxi-

dant components, including phenolic compounds found in virgin olive oil.10 A higher
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consumption of olive oil has been associated

with a decreased risk for myocardial infarction

(MI),11 a lower risk of all-cause mortality after

MI,12 and a lower carotid intima-media thick-

ness.13 Olive oil was the only component of

the MeDi specifically associated with lower

blood pressure in a large European cohort.14

To our knowledge, the assumption that high

olive oil consumption may be associated with a

reduced incidence of stroke independently of

other dietary habits and stroke risk factors has

never been explored. We investigated the rela-

tionship between olive oil consumption, plasma

oleic acid as a biological marker of oleic acid in-

take, and 6-year stroke incidence in older partic-

ipants in the Three-City (3C) Study.

METHODS Study population. The 3C Study is an ongo-

ing multicenter prospective cohort study of vascular risk factors

for dementia which started in 1999–2000 and included 9,294

community dwellers in 3 French cities: Bordeaux (n � 2,104),

Dijon (n � 4,931), and Montpellier (n � 2,259). Individuals

living in one of these cities, aged 65 years and over and not

institutionalized, were eligible for recruitment into the 3C

Study.15 The baseline data collection included sociodemographic

and lifestyle characteristics, symptoms and complaints, main

chronic conditions, medication use, neuropsychological testing,

clinical examination including blood pressure measurement,

EKG, and blood sampling.

Standard protocol approvals, registrations, and patient

consents. The protocol of the 3C Study has been approved by

the Consultative Committee for the Protection of Persons par-

ticipating in Biomedical Research of the Kremlin-Bicêtre Uni-

versity Hospital (Paris). All participants gave their written

informed consent.

Diagnosis of stroke. History of stroke was assessed at baseline

during a face-to-face interview conducted by trained psycholo-

gists and nurses, and stroke occurrence was recorded at each

follow-up examination performed 2, 4, and 6 years after the

baseline visit, either during a face-to-face interview or by self-

questionnaire. At each follow-up, the participants were asked if

they had had a stroke history or stroke symptoms, and if they

had been hospitalized. In those who screened positively for

stroke, further medical data were collected, including emergency

medical service and hospitalization reports, neuroimaging re-

ports, and interview with the patient’s physician or the family.16

According to the diagnostic criterion of the World Health Orga-

nization,17 a stroke was defined as a new focal neurologic deficit

of sudden or rapid onset, of presumed vascular origin, that lasted

24 hours or more, or leading to death. A specific validation com-

mittee composed of neurologists reviewed all available informa-

tion and confirmed or not the diagnosis of stroke and its subtype

(ischemic or hemorrhagic). Patients with TIAs were not in-

cluded. Fatal events were classified according to the 10th revision

of the International Classification of Diseases.18 More details on

the procedure of stroke diagnosis are given in e-Methods on the

Neurology® Web site at www.neurology.org.

Dietary and biological nutritional data. Dietary data.

Frequency of consumption of broad categories of foods and pre-

ferred dietary fats used for dressing, cooking, or spreading were re-

corded in the whole 3C cohort at baseline, as described previously.19

As in a previous publication,20 3 categories of olive oil consumption

were defined: “no use,” “moderate use” (using olive oil for cooking

or dressing alone), “intensive use” (using olive oil for both cooking

and dressing). In subjects from the Bordeaux center, mean total

energy intake per day was estimated from a 24-hour dietary recall

performed during a face-to-face interview administered by trained

dietitians. For subjects of the 2 other 3C centers (Dijon and Mont-

pellier), total energy intake was imputed in sensitivity analyses.

Plasma fatty acids. Plasma fatty acids were determined at

baseline from fasting blood samples in 1,364 subjects from the 3C

Bordeaux center, according to a previously described methodol-

ogy.21 The results for each fatty acid were expressed as percentage of

total fatty acids, and the sum of all fatty acid species was equal to

100%. We used plasma oleic acid as an indirect biological marker of

oleic acid intake provided by olive oil consumption.22

Other variables. Sociodemographic variables included age,

gender, and education. Usual alcohol consumption (number of

glasses of alcoholic beverages per week) was recorded. Practice of

physical activity was defined as regular when doing sport regu-

larly or having at least 1 hour of leisure or household activity per

day. All drugs consumed at least once a week during the last

month were recorded and classified according to the World

Health Organization’s Anatomic Therapeutic Chemical Classifi-

cation.23 Body mass index (BMI) was computed as the weight/

height2 (kg/m2). Hypercholesterolemia was defined as a plasma

total cholesterol �6.20 mmol/L or intake of cholesterol-lowering

treatment. Stroke risk factors included in the present report were

very close to those of the Framingham Stroke risk function, as pre-

viously defined in the 3C Study.16 They included smoking (number

of pack-years), systolic blood pressure (average of 2 separate mea-

sures), antihypertensive therapy, diabetes (if fasting glycemia �7.0

mmol/L or antidiabetic treatment), cardiovascular disease (history

of myocardial infarction or angina pectoris or coronary bypass or

angioplasty or vascular surgery for lower limb arteritis), and atrial

fibrillation (diagnosed by EKG or self-report).

Statistical analyses. Main analysis. The outcome of interest

was occurrence of a first fatal or nonfatal ischemic or hemorrhagic

stroke. The main analysis estimated the association between baseline

olive oil consumption and risk of stroke over 6 years. Cox propor-

tional hazard models were used to estimate hazard ratios (HR) for

stroke and their confidence intervals (CI) in moderate and intensive

users of olive oil compared to nonusers. Two multivariate models

were successively performed: 1) adjustment for age, sex, education,

and center and 2) further adjustment for regular consumption of

other foods (regular consumption of fish [� once a week], meat [�

twice a week], pulses [� once a week], raw vegetables [� twice a

week], raw fruits [�4 times a week], cooked fruits or vegetables [�4

times a week], or cereals [� once a day])24; moderate or intensive use

of omega-3 rich oils (colza, walnut, and soya oils), omega-6 rich oils

(peanut, sunflower, grape, and corn oils), butter, or goose or duck

fat; alcohol consumption; physical activity; other stroke risk factors

(systolic blood pressure, antihypertensive therapy, diabetes, smok-

ing, history of cardiovascular disease, atrial fibrillation); BMI; tri-

glyceridemia; and hypercholesterolemia.

Secondary analysis. The association between baseline

plasma oleic acid and 6-year risk of stroke was investigated on

the Bordeaux 3C subsample. HRs for stroke were estimated
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in the second (T2) and third (T3) tertiles of plasma oleic acid

compared to the first (T1) tertile. Since the relationship be-

tween oleic acid and stroke incidence was nonlinear, cutoffs

were chosen a priori according to tertiles of the distribution

to ensure enough power for comparisons, considering the

relative few incident stroke cases. Three models were per-

formed: 1) adjustment for age, sex, and education; 2) further

adjustment for alcohol consumption, physical activity, stroke

risk factors, BMI, triglyceridemia, and hypercholesterolemia;

3) in order to take into account colinearity between plasma

fatty acids, a principal component analysis was performed

on total saturated fatty acids, total omega-3 fatty acids, and

total omega-6 fatty acids plasma proportions, and further

adjustment for the first 2 principal components was

performed.

Imputation of missing values. Physical activity data were

missing in 10.6% of the main study sample. Alcohol use data

were missing in 3.8% of the sample, and the probability to be

missing was associated with stroke risk. Thus, missing values

for physical activity and alcohol use were imputed by multiple

imputation, as a function of all other covariates plus the number of

medications used, recent weight loss �3 kg, and mobility restriction

assessed by the Rosow scale.25 As total energy intake was available

only in 1,048 subjects from the Bordeaux center, imputation of

missing values and adjustment for total energy intake were per-

formed in sensitivity analyses only, and the validity of imputations

was closely checked (see e-Methods for more details).

RESULTS Among the 9,294 subjects from the base-

line 3C sample, we excluded 415 subjects with stroke

history at baseline (figure 1). Among the remaining

8,879 subjects, the main study sample consisted of

the 8,709 participants with available data for olive oil

consumption, and the secondary study sample of the

1,364 subjects from Bordeaux who had plasma fatty

measurements at baseline. After exclusion of subjects

with missing data for the main covariates and those

without follow-up assessment, 7,625 subjects were

included in the main study sample, and 1,245 in the

secondary study sample.

Figure 1 Flow chart of the participants included: the Three-City Study (1999–2005)
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Compared to the subjects without stroke history at

baseline not included in the main study sample (n �

1,254), those included (n � 7,625) were younger, more

likely to be women, and more educated. They also had

a better health status as assessed by several baseline

health indicators (table e-1).

Olive oil consumption and stroke incidence. Baseline

characteristics of the main study sample as a function

of olive oil use (22.8% of nonusers, 40.0% of moder-

ate users, and 37.2% of intensive users) are presented

in table 1 and table e-2. Intensive users of olive oil

were more frequent in Montpellier (Mediterranean

Sea, 41.9%) and Dijon (Middle East, 38.5%) than in

Bordeaux (Atlantic Ocean, 28.1%).

Moderate and intensive olive oil users were

younger and more educated than nonusers. They

also had lower values or frequencies for several stroke

risk factors, lower BMI (table 1), lower triglycerides,

and lower total/high-density lipoprotein (HDL) cho-

lesterol ratio (table e-2). They practiced more often

regular physical activity, consumed more often fish

and fruits and vegetables, and were more often users

of omega-3 rich oils. Conversely, intensive olive oil

users consumed less often omega-6 rich oils than

non- or moderate olive oil users (table e-2).

In the main study sample, 148 incident strokes

occurred over a 5.25-year median follow-up (mean

Table 1 Characteristics of the 7,625 participants without stroke history at baseline and as function of baseline olive oil use, the Three-

City Study (1999–2005)

All main study sample
(n � 7,625)

No olive oil use
(n � 1,738)

Moderate olive oil use
(n � 3,052)

Intensive olive oil use
(n � 2,835) p Valuea

City, n (%)

Bordeaux 1,607 (21.1) 539 (31.0) 616 (20.2) 452 (15.9) �0.001

Dijon 4,047 (53.1) 1,025 (59.0) 1,465 (48.0) 1,557 (54.9)

Montpellier 1,971 (25.8) 174 (10.0) 971 (31.8) 826 (29.1)

Male, n (%) 2,876 (37.7) 683 (39.3) 1,141 (37.4) 1,052 (37.1) 0.16

Age, y, mean (SD) 73.8 (5.3) 74.6 (5.4) 73.6 (5.3) 73.4 (5.2) �0.001

Education, n (%)

None or primary 1,947 (25.5) 579 (33.3) 734 (24.1) 634 (22.4) �0.001

Secondary 2,767 (35.9) 672 (38.7) 1,100 (36.0) 965 (34.0)

High school 1,539 (20.2) 282 (16.2) 642 (21.0) 615 (21.7)

University 1,402 (18.4) 205 (11.8) 576 (18.9) 621 (21.9)

SBP, mm Hg, mean (SD) 146.3 (21.6) 148.7 (22.2) 145.9 (21.2) 145.2 (21.5) �0.001

Antihypertensive therapy, n (%) 3,633 (47.6) 904 (52.0) 1,428 (46.8) 1,301 (45.9) �0.001

Diabetes, n (%) 689 (9.0) 196 (11.3) 253 (8.3) 240 (8.5) 0.004

Smoking, pack-years, mean (SD) 8.3 (16.8) 9.3 (18.6) 8.0 (16.0) 8.0 (16.5) 0.02

History of cardiovascular disease,
n (%)

868 (11.4) 221 (12.7) 337 (11.0) 310 (10.9) 0.09

Atrial fibrillation, n (%) 321 (4.2) 83 (4.8) 122 (4.0) 116 (4.1) 0.32

BMI, mean (SD) 25.7 (4.0) 26.2 (4.4) 25.5 (4.0) 25.5 (3.9) �0.001

6-y incident stroke, n (%) cases 148 (1.9) 45 (2.6) 60 (2.0) 43 (1.5)

Incidence/100 person-years
(95% CI)

0.39 (0.33–0.46) 0.54 (0.38–0.69) 0.40 (0.30–0.50) 0.30 (0.21–0.40) 0.008

Abbreviations: BMI � body mass index; CI � confidence interval; SBP � systolic blood pressure.
a Chi-square test for categorical variables, Cochran-Armitage test for binary variables ( p for trend), analysis of variance ( p for trend) for continuous

variables, Cox proportional hazard model for incident stroke ( p for trend).

Table 2 Multivariate association between olive oil use and 6-year incident

stoke among the 7,625 participants without stroke history at

baseline: The Three-City Study (1999–2005)

Baseline olive oil use

Model 1a Model 2b

HR (95% CI) p Value HR (95% CI) p Value

No use Ref — Ref —

Moderate use (cooking or
dressing)

0.83 (0.56–1.23) 0.35 0.80 (0.53–1.20) 0.28

Intensive use (both cooking
and dressing)

0.65 (0.42–0.99) 0.05 0.59 (0.37–0.94) 0.03

p for trend 0.05 0.02

Abbreviations: CI � confidence interval; HR � hazard ratio.
a Model 1: Cox proportional hazard model adjusted for age, sex, education, and center.
b Model 2: model 1 � consumption of fish, meat, pulses, raw vegetables, raw fruits, cooked

fruits and vegetables, cereals, regular use of omega-3 rich oils, omega-6 rich oils, butter,

goose, or duck fat, alcohol consumption (imputed for 3.8% of the sample), physical activity

(imputed for 10.6% of the sample), risk factors for stroke (systolic blood pressure, antihy-

pertensive therapy, diabetes, smoking, history of cardiovascular disease, atrial fibrillation),

body mass index, triglyceridemia, and hypercholesterolemia.
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4.9 years, range 1.5 months–6 years), including 115

of ischemic etiology, 28 hemorrhagic strokes, and 5

strokes of undetermined cause. A significant trend

toward a lower incidence for stroke with higher olive

oil use was observed (table 1). This trend was statisti-

cally significant for ischemic but not for hemorrhagic

stroke (table e-2).

The multivariate association between olive oil use

and 6-year incident stroke is shown in table 2. Com-

pared to those who never used olive oil, those with

intensive use had a 41% (95% CI 6%–63%) lower

risk in the fully adjusted model (model 2). From

model 1, further adjustment for regular use of

omega-6 rich oils, but no other covariate, slightly in-

creased the strength of the association between olive

oil use and stroke risk (see intermediate model in

table e-3). No other dietary variable was significantly

associated with stroke incidence, considered either

separately or together in model 2 (table e-4).

Plasma oleic acid and stroke incidence. Baseline char-

acteristics of the secondary study sample from

Bordeaux according to tertiles of plasma oleic acid

proportion are presented in table 3 and table e-5.

Higher plasma oleic acid proportion was signifi-

cantly associated with higher olive oil consump-

tion. Mean proportion of plasma oleic acid was

19.9% (SD 3.3) in nonusers of olive oil, 20.5%

(SD 3.7) in moderate users, and 20.7% (SD 4.2)

in intensive users (p for trend � 0.002, r2
� 1%).

The other significant dietary predictors of plasma

oleic acid were added fats: omega-6 rich oils (neg-

ative association), butter, goose or duck fat (posi-

tive associations) (table e-6).

Table 3 Characteristics of the 1,245 participants from the study sample from Bordeaux without stroke

history at baseline and as function of baseline plasma oleic acid: The Three-City Study

(1999–2005)

All secondary
study sample
(n � 1,245)

Tertiles of plasma oleic acid proportion (% of total fatty
acids)

p Valuea
T1 (3.5; 19.0)
(n � 411)

T2 (19.1; 21.9)
(n � 419)

T3 (22.0; 31.5)
(n � 415)

Baseline olive oil, n (%)

No use 421 (33.8) 161 (39.2) 153 (36.5) 107 (25.8) �0.001

Moderate use 481 (38.6) 152 (37.0) 167 (39.9) 162 (39.0)

Intensive use 343 (27.6) 98 (23.8) 99 (23.6) 146 (35.2)

Male, n (%) 477 (38.3) 149 (36.3) 150 (35.8) 178 (42.9) 0.06

Age, y, mean (SD) 74.3 (4.8) 73.8 (5.0) 74.6 (4.6) 74.4 (4.8) 0.04

Education, n (%)

None or primary 436 (35.0) 152 (37.0) 144 (34.3) 140 (33.7) 0.94

Secondary 328 (26.3) 110 (26.8) 108 (25.8) 110 (26.5)

High school 272 (28.9) 84 (20.4) 95 (22.7) 93 (22.4)

University 209 (16.8) 65 (15.8) 72 (17.2) 72 (17.4)

SBP, mm Hg, mean (SD) 143.8 (21.4) 143.8 (22.4) 144.4 (21.5) 143.3 (20.2) 0.71

Antihypertensive
therapy, n (%)

675 (54.2) 211 (51.3) 225 (53.7) 239 (57.6) 0.07

Diabetes, n (%) 113 (9.1) 29 (7.1) 31 (7.4) 53 (12.8) 0.004

Smoking, pack-years,
mean (SD)

9.0 (18.5) 6.4 (14.1) 9.5 (19.9) 11.0 (20.6) �0.001

History of cardiovascular
disease, n (%)

169 (13.6) 53 (12.9) 48 (11.5) 68 (16.4) 0.10

Atrial fibrillation, n (%) 58 (4.7) 21 (5.1) 16 (3.8) 21 (5.1) 0.98

BMI, mean (SD) 26.4 (4.2) 26.0 (4.1) 26.5 (4.5) 26.8 (4.1) 0.004

6-y incident stroke, n (%)
cases

27b (2.2) 13 (3.2) 10 (2.4) 4 (1.0)

Incidence/100 person-
years (95% CI)

0.46 (0.29–0.63) 0.66 (0.30–1.02) 0.51 (0.19–0.83) 0.20 (0.004–0.40) 0.04

Abbreviations: BMI � body mass index; CI � confidence interval; MUFA � monounsaturated fatty acids; SBP � systolic

blood pressure; SFA � saturated fatty acids.
a Chi-square test for categorical variables, Cochran-Armitage test for binary variables ( p for trend), analysis of variance ( p

for trend) for continuous variables, Cox proportional hazard model for incident stoke ( p for trend).
b Including 20 ischemic and 7 hemorrhagic strokes.
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Contrarily to that observed with olive oil con-

sumption, participants with higher plasma oleic acid

proportion were slightly older and had a more severe

burden of vascular risk factors (table 3 and table e-5).

In this secondary study sample, 27 incident

strokes occurred over a 5.0-year median follow-up

(range 6 months–6 years), including 20 ischemic

and 7 hemorrhagic strokes. There was a significant

trend toward a lower incidence for stroke with higher

plasma oleic acid proportion (table 3). This trend

was statistically significant for ischemic stroke. Com-

pared to those in T1, participants with plasma oleic

acid in T3 had a 73% (95% CI 10%–92%) to 75%

(95% CI 14%–92%) reduction of stroke risk in, re-

spectively, models 2 and 3 (table 4).

Sensitivity analyses. Further adjustment for imputed

mean total daily energy intake in the main analysis

did not substantially modify the results (e-Results),

and the distributions of observed and imputed values

conditional on energy intake were very close (figure

e-1). Moreover, adjustment for the total/HDL cho-

lesterol ratio instead of hypercholesterolemia, or ex-

clusion of prevalent dementia cases at baseline (n �

96 in the main study sample and n � 23 in the

Bordeaux sample), did not substantially modify the

results (data not shown).

DISCUSSION In the present population-based

study, intensive olive oil use was prospectively associ-

ated with a lower stroke risk after controlling for nu-

merous confounding factors, including lifestyle and

nutritional factors, main stroke risk factors, and

blood lipids.

Several converging arguments suggest a protective

role for high olive oil consumption on the risk of

stroke in older subjects: 1) olive oil use was associated

with lower stroke risk; 2) plasma oleic acid was asso-

ciated with lower stroke risk; 3) plasma oleic acid was

an indirect marker of olive oil consumption since

higher plasma oleic acid was significantly associated

with higher olive oil use; 4) no other dietary predic-

tor of plasma oleic acid was significantly associated

with stroke risk.

However, our results should be interpreted cau-

tiously, since plasma oleic acid is not a specific

marker of olive oil consumption. It can also derive

from other food sources and from endogenous he-

patic synthesis from saturated fats,26 so that plasma

oleic acid may be a marker of olive oil consumption

only in populations with moderate to high olive oil

use.22 Accordingly, in our study, although higher

plasma oleic acid was significantly associated with

higher olive oil use, the intensity of the association

was very low. Moreover, plasma oleic acid was also

associated with higher consumption of butter and

goose or duck fat, which are sources of oleic acid as

well. This may explain the unfavorable pattern of risk

factors associated with higher plasma oleic acid.

While epidemiologic studies published to date do

not enable us to disentangle olive oil from other

components of the MeDi, probably because they did

not use olive oil but the MUFA-to-saturated fatty

acids ratio as originally described,27 the current study

supports the assumption that within the MeDi, olive

oil may be a major protective component indepen-

dently of other dietary components. It may also

partly explain the protective association of olive oil20

and the MeDi28 with cognitive decline observed in

the 3C Study. The demonstrated vascular beneficial

effects of olive oil include blood pressure reduction,

improvement of blood lipid profile, reduction of

low-density lipoprotein susceptibility to oxidation,

Table 4 Multivariate association between plasma oleic acid and 6-year incident stoke among the 1,245

participants from the secondary study sample from Bordeaux without stroke history at baseline:

The Three-City Study (1999–2005)

Tertiles of baseline
plasma oleic acid
proportion (% of
total fatty acids)

Model 1a Model 2b Model 3c

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

T1 (3.5; 19.0) Ref — Ref — Ref —

T2 (19.1; 21.9) 0.69 (0.30–1.59) 0.39 0.67 (0.28–1.59) 0.37 0.62 (0.26–1.50) 0.29

T3 (22; 31.5) 0.30 (0.10–0.91) 0.03 0.27 (0.08–0.90) 0.03 0.25 (0.08–0.86) 0.03

p for trend 0.03 0.03 0.02

Abbreviations: CI � confidence interval; HR � hazard ratio.
a Model 1: Cox proportional hazard model adjusted for age, sex, and education.
b Model 2: model 1 � alcohol consumption (imputed for 2.3% of the sample), physical activity (imputed for 12. % of the

sample), risk factors for stroke (systolic blood pressure, antihypertensive therapy, diabetes, smoking, history of cardiovas-

cular disease, atrial fibrillation), body mass index, triglyceridemia, and hypercholesterolemia.
c Model 3: model 2 � 2 first principal components from the principal component analysis of total saturated fatty acids (as

the sum of plasma proportions of palmitic, myristic, and stearic acids), total omega-6 fatty acids (as the sum of plasma

proportions of linoleic, �-linolenic, and arachidonic acids), and total omega-3 fatty acids (as the sum of plasma proportions

of �-linolenic, eicosapentaenoic, docosapentaenoic, and docosahexaenoic acids) plasma proportions.
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and improvement of oxidative vascular damage and

endothelial function,10 possibly through a modula-

tion of key genes implied in vascular inflammation,

foam cell formation, and thrombosis.29 These effects

were primarily attributed to oleic acid30–32 but also

more recently to phenolic compounds found in vir-

gin olive oil,33,34 which have a potent anti-

inflammatory action.35 The protective association

between olive oil use and stroke was significant in

ischemic but not hemorrhagic stroke, for which the

low number of cases limits study power.

Although vascular events outside the coronary ar-

terial territory encompass acute coronary and periph-

eral vascular events, in particular in older subjects,1 a

single large prospective cohort study found that

higher adherence to the MeDi was related to lower

stroke incidence.36 However, the associations be-

tween each component of the MeDi and stroke inci-

dence were not presented separately. A study

reported that higher plasma oleic acid was associated

with higher 32-year incidence of stroke,37 a result

that seems contradictory to our findings. However,

this discrepancy may be explained by different di-

etary habits of the studied populations.

The main strengths of the present study include a

longitudinal design with a large sample size, low at-

trition rate, and a standardized and centralized pro-

cedure for data recording and validation of clinical

outcomes. Another major strength is the use of bio-

logical data to complete and validate associations ob-

served with dietary data. This study also has some

limitations. Since final stroke diagnosis depended on

initial self-reporting, some stroke cases may have

been missed by our process. Moreover, in spite of a

deep investigation of every suspected incident case of

stroke by an independent expert committee, we can-

not rule out that some confirmed stroke cases may be

false positives. Although we used plasma oleic acid as

an indirect marker of olive oil intake to support our

findings, the lack of quantitative data for olive oil use

did not enable an accurate estimation of the association

between plasma oleic acid and olive oil intake, which

remained very low in our study. Thus, the validity of

plasma oleic acid as an indirect marker of olive oil con-

sumption in our population remains to be evaluated.

While converging evidence suggests that due to its high

content in polyphenols, virgin olive oil provides more

cardiovascular benefits than refined olive oil,34 we were

not able to distinguish the different types of olive oil

consumed. However, olive oil consumers were expected

to mostly consume virgin olive oil in our study, since

98% of the French market of olive oil is composed of

extra virgin olive oil.38

The high prevalence of stroke in older subjects

emphasizes the need for primary and secondary pre-

vention in this age group. Showing a strong associa-

tion between intensive olive oil use and lower stroke

incidence, our study suggests a novel approach of di-

etary recommendations to prevent stroke occurrence

in elderly populations.
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Nationale pour la Solidarité et l’Autonomie (CNSA); has received funding

for travel and speaker honoraria from Lesieur, Bausch & Lomb, Aprifel,

Canadian Association of Gerontology, and the Jean Mayer Human Nutri-

tion Research Center on Aging, Tufts University; serves on the editorial

boards of Disability and Rehabilitation and the European Journal of Ageing;

and receives research support from Lesieur, Danone, Agence Nationale de

la Recherche, and Institut Carnot LISA.

Received September 27, 2010. Accepted in final form January 19, 2011.

REFERENCES

1. Rothwell PM, Coull AJ, Silver LE, et al. Population-based

study of event-rate, incidence, case fatality, and mortality

for all acute vascular events in all arterial territories (Ox-

ford Vascular Study). Lancet 2005;366:1773–1783.

2. Galimanis A, Mono ML, Arnold M, Nedeltchev K, Mattle

HP. Lifestyle and stroke risk: a review. Curr Opin Neurol

2009;22:60–68.

3. Dauchet L, Amouyel P, Dallongeville J. Fruit and vegeta-

ble consumption and risk of stroke: a meta-analysis of co-

hort studies. Neurology 2005;65:1193–1197.

4. Sacks FM, Campos H. Dietary therapy in hypertension.

N Engl J Med 2010;362:2102–2112.

5. Trichopoulou A, Kouris-Blazos A, Wahlqvist ML, et al.

Diet and overall survival in elderly people. BMJ 1995;311:

1457–1460.

6. Sofi F, Abbate R, Gensini GF, Casini A. Accruing evidence

about benefits of adherence to the Mediterranean diet on

424 Neurology 77 August 2, 2011  by guest on August 10, 2011www.neurology.orgDownloaded from 

http://www.neurology.org/


health: an updated systematic review and meta-analysis.

Am J Clin Nutr 2010;92:1189–1196.

7. Esposito K, Marfella R, Ciotola M, et al. Effect of a

Mediterranean-style diet on endothelial dysfunction and

markers of vascular inflammation in the metabolic syn-

drome: a randomized trial. JAMA 2004;292:1440–1446.

8. Estruch R, Martinez-Gonzalez MA, Corella D, et al. Ef-

fects of a Mediterranean-style diet on cardiovascular risk

factors: a randomized trial. Ann Intern Med 2006;145:

1–11.

9. Fito M, Guxens M, Corella D, et al. Effect of a traditional

Mediterranean diet on lipoprotein oxidation: a random-

ized controlled trial. Arch Intern Med 2007;167:1195–

1203.

10. Lopez-Miranda J, Perez-Jimenez F, Ros E, et al. Olive oil

and health: summary of the II international conference on

olive oil and health consensus report, Jaen and Cordoba

(Spain) 2008. Nutr Metab Cardiovasc Dis 2010;20:284–

294.

11. Fernandez-Jarne E, Martinez-Losa E, Prado-Santamaria

M, et al. Risk of first non-fatal myocardial infarction nega-

tively associated with olive oil consumption: a case-control

study in Spain. Int J Epidemiol 2002;31:474–480.

12. Barzi F, Woodward M, Marfisi RM, et al. Mediterranean

diet and all-causes mortality after myocardial infarction:

results from the GISSI-Prevenzione trial. Eur J Clin Nutr

2003;57:604–611.

13. Buil-Cosiales P, Irimia P, Berrade N, et al. Carotid intima-

media thickness is inversely associated with olive oil con-

sumption. Atherosclerosis 2008;196:742–748.

14. Psaltopoulou T, Naska A, Orfanos P, et al. Olive oil, the

Mediterranean diet, and arterial blood pressure: the Greek

European Prospective Investigation into Cancer and Nu-

trition (EPIC) study. Am J Clin Nutr 2004;80:1012–

1018.

15. Three-City Study Group. Vascular Risk factors and risk of

dementia: design of the Three-City Study and baseline

characteristics of the study population. Neuroepidemiol-

ogy 2003;22:316–325.

16. Bineau S, Dufouil C, Helmer C, et al. Framingham stroke

risk function in a large population-based cohort of elderly

people: the 3C study. Stroke 2009;40:1564–1570.

17. WHO. The World Health Organization MONICA Proj-

ect (monitoring trends and determinants in cardiovascular

disease): a major international collaboration: WHO

MONICA Project Principal Investigators. J Clin Epide-

miol 1988;41:105–114.

18. WHO. International Statistical Classification of Diseases

and Related Health Problems, Tenth Revision (ICD-10).

WHO: Geneva; 1992.

19. Barberger-Gateau P, Raffaitin C, Letenneur L, et al. Di-

etary patterns and risk of dementia: the Three-City cohort

study. Neurology 2007;69:1921–1930.

20. Berr C, Portet F, Carriere I, et al. Olive oil and cognition:

results from the three-city study. Dement Geriatr Cogn

Disord 2009;28:357–364.

21. Samieri C, Feart C, Letenneur L, et al. Low plasma eicosa-

pentaenoic acid and depressive symptomatology are inde-

pendent predictors of dementia risk. Am J Clin Nutr

2008;88:714–721.

22. Saadatian-Elahi M, Slimani N, Chajes V, et al. Plasma

phospholipid fatty acid profiles and their association with

food intakes: results from a cross-sectional study within the

European Prospective Investigation into Cancer and Nu-

trition. Am J Clin Nutr 2009;89:331–346.

23. World Health Organization Collaborating Centre for

Drug Statistics Methodology. Guidelines for ATC Classi-

fication and DDD Assignment. WHO: Oslo; 2000.

24. Larrieu S, Letenneur L, Berr C, et al. Sociodemographic

differences in dietary habits in a population-based sample

of elderly subjects: the 3C study. J Nutr Health Aging

2004;8:497–502.

25. Rosow I, Breslau N. A Guttman health scale for the aged.

J Gerontol 1966;21:556–559.

26. Knopp RH, Retzlaff B, Walden C, et al. One-year effects

of increasingly fat-restricted, carbohydrate-enriched diets

on lipoprotein levels in free-living subjects. Proc Soc Exp

Biol Med 2000;225:191–199.

27. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D.

Adherence to a Mediterranean diet and survival in a Greek

population. N Engl J Med 2003;348:2599–2608.

28. Feart C, Samieri C, Rondeau V, et al. Adherence to a Med-

iterranean diet, cognitive decline, and risk of dementia.

JAMA 2009;302:638–648.

29. Llorente-Cortes V, Estruch R, Mena MP, et al. Effect of

Mediterranean diet on the expression of pro-atherogenic

genes in a population at high cardiovascular risk. Athero-

sclerosis 2010;208:442–450.

30. Mensink RP, Zock PL, Kester AD, Katan MB. Effects of

dietary fatty acids and carbohydrates on the ratio of serum

total to HDL cholesterol and on serum lipids and apolipo-

proteins: a meta-analysis of 60 controlled trials. Am J Clin

Nutr 2003;77:1146–1155.

31. Fuentes F, Lopez-Miranda J, Sanchez E, et al. Mediterra-

nean and low-fat diets improve endothelial function in hy-

percholesterolemic men. Ann Intern Med 2001;134:

1115–1119.

32. De Caterina R, Liao JK, Libby P. Fatty acid modulation of

endothelial activation. Am J Clin Nutr 2000;71(1 suppl):

213S–223S.

33. Covas MI, Nyyssonen K, Poulsen HE, et al. The effect of

polyphenols in olive oil on heart disease risk factors: a ran-

domized trial. Ann Intern Med 2006;145:333–341.

34. Konstantinidou V, Covas MI, Munoz-Aguayo D, et al. In

vivo nutrigenomic effects of virgin olive oil polyphenols

within the frame of the Mediterranean diet: a randomized

controlled trial. FASEB J 2010;24:2546–2557.

35. Beauchamp GK, Keast RS, Morel D, et al. Phytochemis-

try: ibuprofen-like activity in extra-virgin olive oil. Nature

2005;437:45–46.

36. Fung TT, Rexrode KM, Mantzoros CS, et al. Mediterra-

nean diet and incidence of and mortality from coronary

heart disease and stroke in women. Circulation 2009;119:

1093–1100.

37. Wiberg B, Sundstrom J, Arnlov J, et al. Metabolic risk

factors for stroke and transient ischemic attacks in middle-

aged men: a community-based study with long-term

follow-up. Stroke 2006;37:2898–2903.

38. International Olive Council. Economic: Country Profile.

Available at: http://www.internationaloliveoil.org/downloads/

economia/france-fr.pdf. Accessed August 2010.

Neurology 77 August 2, 2011 425 by guest on August 10, 2011www.neurology.orgDownloaded from 

http://www.internationaloliveoil.org/downloads/economia/france-fr.pdf
http://www.internationaloliveoil.org/downloads/economia/france-fr.pdf
http://www.neurology.org/


DOI 10.1212/WNL.0b013e318220abeb
; Prepublished online June 15, 2011; 2011;77;418Neurology

C. Samieri, C. Féart, C. Proust-Lima, et al.
Study

Olive oil consumption, plasma oleic acid, and stroke incidence : The Three-City

 
August 10, 2011This information is current as of 

 

 Services
Updated Information &

 http://www.neurology.org/content/77/5/418.full.html
including high resolution figures, can be found at:

 Supplementary Material

 3e318220abeb.DC1.html
http://www.neurology.org/content/suppl/2011/06/16/WNL.0b01
Supplementary material can be found at: 

References

 http://www.neurology.org/content/77/5/418.full.html#ref-list-1
at:
This article cites 35 articles, 22 of which can be accessed free

Citations

 ls
http://www.neurology.org/content/77/5/418.full.html#related-ur
This article has been cited by 1 HighWire-hosted articles:

Subspecialty Collections

 miology
http://www.neurology.org/cgi/collection/risk_factors_in_epide
Risk factors in epidemiology

 http://www.neurology.org/cgi/collection/cohort_studies
Cohort studies

 http://www.neurology.org/cgi/collection/all_epidemiology
All epidemiology

 http://www.neurology.org/cgi/collection/nutritional
Nutritional

 http://www.neurology.org/cgi/collection/stroke_prevention
Stroke prevention
following collection(s):
This article, along with others on similar topics, appears in the

Permissions & Licensing

 http://www.neurology.org/misc/about.xhtml#permissions
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.neurology.org/misc/addir.xhtml#reprintsus

Information about ordering reprints can be found online:

 by guest on August 10, 2011www.neurology.orgDownloaded from 

http://www.neurology.org/content/77/5/418.full.html
http://www.neurology.org/content/suppl/2011/06/16/WNL.0b013e318220abeb.DC1.html
http://www.neurology.org/content/77/5/418.full.html#ref-list-1
http://www.neurology.org/content/77/5/418.full.html#related-urls
http://www.neurology.org/cgi/collection/stroke_prevention
http://www.neurology.org/cgi/collection/nutritional
http://www.neurology.org/cgi/collection/all_epidemiology
http://www.neurology.org/cgi/collection/cohort_studies
http://www.neurology.org/cgi/collection/risk_factors_in_epidemiology
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus
http://www.neurology.org/

