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bstract

ackground: Intima-media thickness (IMT) is a valid marker for generalized vascular disease whose main risk factors are associated with
ood habits and lifestyle. A Mediterranean food pattern may have a protective effect on cardiovascular mortality.
bjective: To assess the relationship between carotid IMT and olive oil consumption.
ethods: One hundred and ninety nine patients were randomly extracted from 1055 asymptomatic high cardiovascular risk participants at the
P-UNAV recruitment center of the PREDIMED (PREvención con DIeta MEDiterránea) project. Demographic and clinical variables were

ollected, and a validated semiquantitative food frequency questionnaire (137 items) was administered at the inclusion interview. A B-mode
ltrasound imaging technique was used to measure the mean common carotid IMT.
esults: The mean age was 67.3 years and 53.3% were women. Energy-adjusted olive oil consumption quintiles were assessed as the main
xposure after adjusting for potential dietary and non-dietary confounders. Using continuous carotid IMT as the outcome in an ANCOVA
nalysis, the adjusted IMT means throughout quintiles showed an inverse association with a plateau after the second quintile, with statistical
ifferences when the adjusted IMT mean of the merged four upper quintiles were compared with the lowest quintile (p < 0.05). The averaged
both sides) mean IMT of the common carotid was dichotomised and values above the median (0.804 mm) were used to identify carotid
therosclerotic damage. We also found an inverse association of olive oil consumption with high IMT, throughout the second to the fifth
uintile as compared with the lowest quintile. The adjusted OR was of 0.08 (95% confidence interval, CI, of 0.02–0.37; p = 0.001) after

erging the four upper quintiles.
onclusion: The inverse association between the olive oil consumption and the carotid IMT could suggest a protective role of olive oil against

he development of carotid atherosclerosis in persons at high cardiovascular risk.
2007 Elsevier Ireland Ltd. All rights reserved.
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eywords: Atherosclerosis; Cardiovascular risk; Mediterranean food patter
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. Introduction

Atherosclerosis is a diffuse inflammatory disease of the
rterial wall, and it is the cause of a high number of fatal
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nd non-fatal events worldwide. Atherosclerosis progresses
nnoticed over years and several risk factors and markers
f the disease have been the focus of attention for an early
etection and prevention of its clinical end points [1,2].

Lifestyle appears to be the main trigger of a cascade of
edia thickness is inversely associated with olive oil consumption,

echanisms leading to cardiovascular disease [3]. Food pat-
erns and also a sedentary lifestyle are considered to be major
eterminants of cardiovascular risk factors and cardiovascu-
ar disease [4].

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028
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Olive oil is the common main component of the Mediter-
anean food pattern. A high consumption of olive oil (i.e. the
ighest quintile, with a median intake of 54.3 g/day) has been
ound associated with protection from myocardial infarction
n a case-control study [5], and dietary olive oil also was found
o protect from total mortality in a cohort study of coronary
atients in those who reported often or regularly consumption
s compared with those reporting lower consumption (never
r sometimes) [6]. Some studies have pointed out possible
echanistic explanations of this negative association of olive

il intake and cardiovascular disease, such as an improvement
f endothelial function or an anti-inflammatory activity on the
essel wall [7,8].

Since arteriosclerosis may be silent for decades, some
maging techniques of the vascular wall previously validated
n studies of cardiovascular risk can be considered as non-
nvasive end-points in epidemiological studies to evaluate
he severity of atherosclerotic disease. Carotid intima-media
hickness (IMT) measurements, acquired by means of B-
ode ultrasound imaging, have been validated as surrogate
arkers in observational studies and experimental pharmaco-

ogical trials [9]. Cardiovascular risk factors grouping deter-
ine a higher risk for more severe carotid arteriosclerosis as

xpressed by IMT, and also for increments of the percentage
n subjects with significant carotidal lumen stenosis [10].

To date no studies have been published on the effect
f olive oil or any composite food pattern on morphologic
hanges in the vascular wall, considered as the target of
isk factors aggression. The PREDIMED (PREvención con
Ieta MEDiterránea) study is a multicentre primary preven-

ion trial evaluating major cardiovascular events as end points
n asymptomatic patients with high risk for cardiovascular
vents [11]. To evaluate the influence of the baseline food
abits on the carotid wall, a B-mode ultrasonographic mea-
urement of IMT was done in a sample of the participants in
ne of the recruitment centers, before starting with them the
ntervention protocol. We analysed some possible associa-
ions between previous olive oil dietary consumption and the

ean common carotid IMT as a marker of atherosclerosis.

. Methods

The PREDIMED study is a large, parallel group, multi-
enter, controlled, and randomized, 4-year clinical trial aimed
t assessing the effects of the Mediterranean diet on the
rimary prevention of cardiovascular disease (http://www.
redimed.org). It has 10 recruitment centers in 8 Spanish
ities. The trial protocol has been described elsewhere [11].
he AP-UNAV recruitment center, at Pamplona, is com-
osed of seven health centers affiliated with the Department
f Preventive Medicine and Public Health of the Univer-
Please cite this article in press as: Buil-Cosiales P, et al., Carotid intima-m
Atherosclerosis (2007), doi:10.1016/j.atherosclerosis.2006.12.028

ity of Navarra. From July 2003 to May 2005, 1055 high
isk participants were recruited in our center after giving
heir written consent. Inclusion criteria were presence of dia-
etes mellitus, or three or more of the following risk factors:
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ody mass index ≥25 kg/m2, hypertension (blood pressure
140/90 mmHg or treatment with antihypertensive drugs),
DL cholesterol ≥160 mg/dl or treatment with lipid lower-

ng drugs, HDL cholesterol ≤40 mg/dl, current smoking and
amily history of premature coronary disease. Exclusion cri-
eria were: previous history of cardiovascular disease, any
evere chronic illness, drug or alcohol addiction, history of
llergy or intolerance to olive oil or nuts, and low predicted
ikelihood of changing dietary habits.

The initial evaluation consisted in the administration of
137-item validated food frequency questionnaire [12], a

alidated physical activity questionnaire [13], and a 47-
tem questionnaire about educational, achievement, lifestyle,
istory of illnesses, and medication use. We performed
nthropometrical, blood pressure and ankle–brachial index
easurements, and obtained samples of fasting blood and

pot urine.
The food frequency questionnaire was completed by a

rained dietician in a face to face personal interview with
ach participant at the inclusion interview. They were asked
or the frequency of consumption for each food item during
he past year, specifying the usual portion size (semiquantita-
ive assessment). Nine possibilities of frequency were offered
rom never to more than six times a day. Nutrient intakes
ere computed using Spanish food composition tables. All

tems were adjusted for total daily energy using the residuals
ethod [14].
A random sample of 199 participants out the total 1055

atients (92% of acceptation) was extracted and, after a
econd written expression of consent, a B-mode ultrasound
maging of both carotids was performed.

IMT and atherosclerotic plaques of the carotid arteries
ere assessed by high-resolution B-mode ultrasound accord-

ng to the standardized scanning protocols as previously
escribed [15,16]. In brief, ultrasonography was performed
ith a 5–12-MHz linear-array transducer (ATL 1500 HDI).
he left and right common carotid arteries were examined

n anterolateral, posterolateral and mediolateral directions.
ongitudinal images of the distal common carotid arteries in
hich the interfaces are most clear were obtained. IMT was
easured in the far wall of the common carotid artery, 1 cm

roximal to the carotid bulb in a region free of plaques with
n optimum angle for measuring IMT at the proximal and dis-
al wall. Plaque was defined as a localized echostructure that
ncroached into the arterial lumen of at least 0.5 mm or 50%
f the surrounding IMT value or demonstrates a thickness
f ≥1.5 mm beyond the interface between lumen and intima,
ccording to Mannheim intima-media thickness consensus
17]. Subjects were examined by two certified sonographers
linded to all clinical and dietary information. Both sono-
raphers were neurologist, with experience in ultrasound
xamination of the carotid artery, and they were specially
edia thickness is inversely associated with olive oil consumption,

rained in IMT measurements.
Measurements of IMT were performed offline using soft-

are developed for that purpose (M’Ath®, ICN-METRIS).
he reader froze the best images of both common carotid

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028
http://www.predimed.org/
http://www.predimed.org/
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rteries, including a minimum of 10 mm length of an arterial
egment. IMT was automatically measured and the auto-
ated system provides the mean maximum value of more

han 100 measurements performed on 10 mm.
The reproducibility of IMT measurements between and

ithin sonographers had previously been reported [2].
he regression coefficient was 0.76 (p < 0.0001) and 0.82

p < 0.0001), respectively [15].
Statistical analysis was done with SPSS 13.0. Differences

n variables between quintiles were assessed with χ2 and
NOVA for qualitative and quantitative variables, respec-

ively. We used the residuals method to adjust olive oil
onsumption for total energy intake. The average common
arotid IMT was calculated as the mean IMT measurement of
oth carotids. This variable was used as a continuous outcome
or analysis of covariance (ANCOVA) to compare its adjusted
eans across quintiles of olive oil consumption. We also

alculated the median IMT and its 95% confidence interval
cross quintiles of energy-adjusted olive oil consumption. We
ompared the median of the lowest against the median for the
our upper quintiles using Mann–Whitney test. We also cate-
Please cite this article in press as: Buil-Cosiales P, et al., Carotid intima-m
Atherosclerosis (2007), doi:10.1016/j.atherosclerosis.2006.12.028

orized the average common carotid IMT in two values using
he median as the cut-off point. This new variable was also
sed as the outcome in multivariate non-conditional logis-
ic regression modelling using quintiles of olive oil intake as

u
s
s
t

able 1
istribution of potential confounders across energy-adjusted quintiles of olive oil c

uintile Q1 Q2

39 41
onsumption (g/day) 6–34 35–41
ge (mean (S.D.)) 69 (6) 66 (6)
omen (%) 69 41
arried (%) 56 65

rimary educational level (%) 84 68
urrent smokers (%) 13 17
ormer smokers (%) 28 32
iabetes (%) 28 32
ypertension (%) 87 76
besity (BMI > 30 kg/m2) (%) 54 29
ipid lowering drugs (%) 49 44
nti-hypertensive drugs (%) 82 68
spirin therapy (%) 28 19
ody mass index (kg/m2) (mean (S.D.)) 30.7 (3.5) 28.5 (3.4
DL cholesterol (mg/dl) (mean (S.D.)) 137 (33) 133.1 (31.
DL cholesterol (mg/dl) (mean (S.D.)) 54.5 (14.6) 54.8 (13.
riglycerides (mg/dl) (mean (S.D.)) 151.7 (70.8) 148.0 (82.
asting blood glucose (g/dl) (mean (S.D.)) 114.6 (33.5) 119.7 (41.
otal energy intake (kcal/day) (mean (S.D.)) 2125 (664) 2606 (621)
rotein intake (%E) (mean (S.D.)) 17 (3) 15 (3)
arbohydrate intake (%E) (mean (S.D.)) 44 (7) 41 (5)
at intake (%E) (mean (S.D.)) 36 (6) 39 (5)
FA intake (%E) (mean (S.D.)) 10 (2) 10 (2)
UFA intake (%E) (mean (S.D.)) 16 (2) 19 (2)

UFA intake (%E) (mean (S.D.)) 6 (3) 6.5 (3)
lcohol intake (g/day) (mean (S.D.)) 9 (17) 20 (21)
iber intake (g/day) (mean (S.D.)) 23 (7) 24 (7.5)
ruit consumption (g/day) (mean (S.D.)) 345 (145) 308 (314)
egetable consumption (g/day) (mean (S.D.)) 270 (98) 257 (77)
uts consumption (g/day) (mean (S.D.)) 8 (12) 13 (12)
 PRESS
rosis xxx (2007) xxx–xxx 3

he main exposure and adjusting for potential confounders.
e adjusted all logistic models and ANCOVA models for

nown risk factors of atherosclerosis, including dietary and
on-dietary potential confounders. Reported “p” values are
wo-tailed, and below 0.05 were considered statistically sig-
ificant.

. Results

The random sample consisted in 199 subjects, 53.3%
omen, with a mean age of 67.3 years (S.D.: 6.0 years).
The energy-adjusted olive oil consumption ranged from 6

o 74 g/day, and it was categorized in energy-adjusted quin-
iles to explore its association with the carotid IMT.

Table 1 displays the variables that might confound the
ssociation between olive oil consumption and carotid IMT.
n the fifth quintile there were more participants with attained
ducational level higher than primary school, more married
ubjects, their average total energy intake was higher, and
hey also exhibited a higher intake of total fat and monounsat-
edia thickness is inversely associated with olive oil consumption,

rated fatty acid consumption. However, the average intake of
aturated and polyunsaturated fatty acids was similar across
uccessive quintiles. A typical Mediterranean dietary pat-
ern, with a high fat content (44% of total energy in the

onsumption

Q3 Q4 Q5 p

40 40 39
42–45 46–53 54–74

65 (5.5) 68.5 (5) 67 (6) 0.03
22 88 46 NS
85 67 85 NS
65 75 59 NS
22 10 21 NS
30 12 31 NS
47 22 28 NS
72 80 82 NS
25 40 44 NS
55 30 41 NS
62 72 82 NS
27 20 20 NS

) 29.1 (3.5) 29.6 (3.1) 29.1 (2.9) NS
7) 124.4 (29.3) 149.6 (26.1) 126 (44.4) 0.04
1) 49.9 (10.6) 55.8 (12.6) 55.9 (13.0) NS
2) 143.0 (67.5) 124.5 (43.1) 150.6 (70.9) NS
2) 133.8 (40.8) 106.7 (43.7) 116.6 (29.2) NS

2239 (280) 2102 (198) 2420 (628) 0.001
16 (2.5) 16 (2) 14 (2) 0.001

37 (7) 39 (4) 38 (5) 0.001
42 (5) 43 (4) 44 (5) 0.001

10 (2.5) 10 (2) 10 (2) NS
22 (2.5) 23 (2) 24 (3) 0.001

6.5 (2) 6 (1.5) 6 (1) NS
17 (22) 5 (13) 13 (23) 0.008
22 (6) 21 (4) 23 (6) NS

314 (149) 320 (134) 323 (146) NS
296 (83) 250 (80) 290 (94) NS

8 (10) 5 (13) 9 (13) NS

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028
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Table 2
Association between energy-adjusted quintiles of olive oil consumption and level of carotid atherosclerosis (IMT, mm)

Q1 Q2 Q3 Q4 Q5

n 39 41 40 40 39
Consumption (g/day) 6–34 35–41 42–45 46–53 54–74
Median consumption 27 40 44 50 58
IMT Median (95% CI) 0.87 (0.80–0.94) 0.79 (0.76–0.85) 0.78 (0.76–0.84) 0.80 (0.74–0.88) 0.81 (0.77–0.86)
Adjusted IMT mean (95% CI)a 0.895 (0.840–0.951) 0.817 (0.764–0.870) 0.829 (0.770–0.887) 0.837 (0.776–0.899) 0.861 (0.803–0.918)

Adjusted IMT mean (95% CI)b 0.893 (0.838–0.947) 0.834 (0.800–0.868); p = 0.04

Medians and adjusted means (95% confidence intervals) using ANCOVA; IMT: intimal-media thickness, mm. CI: confidence interval.
intake
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a Adjusted for age, gender, body mass index (continuous), total energy
continuous), high blood pressure (yes/no), and smoking (2 categories).
b Merging the four upper quintiles in a single category, multivariate adjus

fth quintile) and high in monounsaturated fat (24% of total
nergy in the fifth quintile) was found in most of our partic-
pants. The dietary pattern also reflected a high fiber, fruit,
egetable and nuts intake for all quintiles of olive oil con-
umption.

The average IMT values interval was from 0.46 to
.56 mm, with a mean of 0.84 (S.D.: 0.15 mm).

We assessed the association between olive oil consump-
ion and IMT comparing the median IMT and their 95%
onfidence intervals across quintiles of energy-adjusted olive
il consumption. The highest median was observed for those
ith the lowest consumption of olive oil (Table 2). When we

ompared the IMT median for the lowest quintile of olive
il consumption (0.87 mm) versus the median of the merged
our upper quintiles (0.79 mm) the result was marginally sig-
ificant (p = 0.07).

We found the results shown in Table 2 using as the outcome
arotid IMT as a continuous variable (ANCOVA). These
esults suggested a non-linear inverse association between
nergy adjusted-olive oil consumption and carotid IMT with
plateau after the second quintile. We observed the lowest
Please cite this article in press as: Buil-Cosiales P, et al., Carotid intima-m
Atherosclerosis (2007), doi:10.1016/j.atherosclerosis.2006.12.028

djusted IMT means for the 2nd and 3rd quintiles of con-
umption. The inverse association was apparent when we
erged the second to the fifth quintile and compared them

gainst the lowest quintile suggesting a significant reduction

i
i
c
d

able 3
ssociation between energy-adjusted quintiles of olive oil consumption and the ris

uintile Q1 Q2 Q3

39 41 40
igh/low IMT 24/15 18/23 16/24
onsumption (g/day) 6–34 35–41 42–45
edian 27 40 44
nadjusted 1 (ref.) 0.28 (0.10–0.83); p = 0.02 0.28 (0.10–0.
ex- and age-adjusted 1 (ref.) 0.21 (0.07–0.68); p = 0.009 0.17 (0.05–0.
ultivariate adjusteda 1 (ref.) 0.23 (0.07–0.82); p = 0.02 0.15 (0.04–0.
ultivariate adjustedb 1 (ref.) 0.07 (0.01–0.36); p = 0.001 0.07 (0.01–0.
ultivariate adjustedc 1 (ref.)

nconditional logistic regression models. Odds ratios (95% confidence intervals); I
a Additionally adjusted for body mass index (continuous), diabetes (yes/no),

holesterol (continuous), high blood pressure (yes/no), and smoking (never/former/
b Additionally adjusted for the variables used in (a) plus total energy intake, car
lcohol consumption.
c Merging the four upper quintiles in a single category, multivariate adjustment a
(continuous), glucose blood levels (continuous), LDL (continuous), HDL

s in (a).

p < 0.05) in average carotid IMT value associated with olive
il intakes higher than 34 g a day.

The overall median for IMT (0.804 mm) was used as the
ut-off point to dichotomise the ITM variable below and
bove that value into two groups of equal size. This new
ariable, indicating a category of patients with higher IMT
eadings was used as the dependent variable in the logistic
egression models.

To explore a possible association between dietary energy
djusted-olive oil and the carotid IMT, several logistic regres-
ion analyses were run. First a multivariate logistic regression
as adjusted for age and sex. A second model was addi-

ionally adjusted for body mass index, plasma glucose,
DL cholesterol, HDL cholesterol, and presence of diabetes,
ypertension, and smoking in three categories (never, for-
er, current). Lastly the model was also adjusted for dietary

onfounders (total energy, saturated fat, fiber, cholesterol,
nd alcohol intake). The more striking finding was a sig-
ificant effect throughout the second to the fifth quintile,
uggesting a threshold in the negative association between
he consumption of olive oil and higher carotid IMT. Merg-
edia thickness is inversely associated with olive oil consumption,

ng the last four quintiles the OR was 0.08 (95% confidence
nterval, CI: 0.02–0.37; p = 0.001), indicating a highly signifi-
ant negative association with a presumed marker of vascular
amage (IMT above the median) for intakes of olive oil higher

k of carotid atherosclerosis (IMT above median)

Q4 Q5

40 39
19/21 20/19
46–53 54–74
50 58

83); p = 0.02 0.33 (0.11–1.00); p = 0.05 0.52 (0.18–1.53); p = NS
57); p = 0.004 0.40 (0.12–1.13); p = NS 0.45 (0.14–1.46); p = NS
62); p = 0.009 0.45 (0.13–1.55); p = NS 0.43 (0.12–1.54); p = NS
45); p = 0.005 0.14 (0.02–0.83); p = 0.03 0.12 (0.02–0.90); p = 0.04
0.08 (0.02–0.37); p = 0.001

MT: intimal-media thickness.
glucose blood levels (continuous), LDL-cholesterol (continuous), HDL-
current).
bohydrate intake, saturated fat intake, fiber intake, dietary cholesterol and

s in (b).

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028
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han 34 g a day after adjusting for potential confounders
Table 3).

Analysing separately both sexes with a multivariate-
djusted non-conditional logistic regression, fitted as
reviously, a negative association for the merged four upper
uintiles with respect to the first quintile was found only in
he group of women (n = 106), with an OR of 0.30 (95% CI:
.00–0.31, p = 0.004), while in the group of men (n = 93) the
R was of 0.12 (95% CI: 0.01–1.34, non-significant). How-

ver, in the ANCOVA analysis no interaction was observed
etween sex and energy adjusted olive oil consumption for
he effect on the carotid wall.

. Discussion

Several reports of cardiovascular risk have used carotid
MT as an end point. This marker has been consistently asso-
iated with coronary disease incidence, stroke incidence and
t also allows the prediction of peripheral artery disease (inter-

ittent claudication). These findings are consistent in several
ohorts, such as the Cardiovascular Health Study [18], The
otterdam study [19], and the Atherosclerosis Risk in Com-
unities (ARIC) [20]. That association implies the concept

f generalized vascular damage associated with higher values
f carotid IMT. The differences in the risk of clinical events
ave been reported to be significant among quintiles of IMT
18], and also when IMT was used as a continuous variable.
n increment of 0.2 mm in carotid IMT has been reported

o imply a 28% and a 31% increment of risk for stroke and
yocardial infarction, respectively [9].
Reduction of carotid IMT was the objective of some tri-

ls using statins. These trials have demonstrated a significant
ffect of pharmacological interventions both in asymptomatic
ubjects and in patients with coronary disease, with a wide
ange of plasma cholesterol values [21,22]. The decrease
f IMT carotid arteries observed after treatment accounts
or a favourable impact in cardiovascular events. These
acts are the main basis for other studies searching for
ausal mechanisms of atherosclerosis itself using IMT as the
utcome.

Regardless of the presence of predisposing factors for
variety of diseases, food habits have a direct influence

n morbidity and mortality during the course of life, as
HO has stated in several reports. In a recent epidemio-

ogic study (the EPIC-Greece), an index for adherence to
Mediterranean food pattern was associated with a reduc-

ion in total and cardiovascular mortality [23]. Similar results
ere reported in the HALE cohort, among older people from

everal European countries [24]. However, a decrease in the
ncidence of clinical non-fatal cardiovascular events was not
emonstrated.
Please cite this article in press as: Buil-Cosiales P, et al., Carotid intima-m
Atherosclerosis (2007), doi:10.1016/j.atherosclerosis.2006.12.028

The present paper associates a higher dietary consump-
ion of an outstanding Mediterranean food, as it is olive oil,
ith the presence of lower values of carotid IMT. The B-
ltrasound reading for IMT in normal people changes with

a
fi
s
s
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ge and reaches a value of 0.77 in seniors citizens [9]. There is
ot an established cut-off point for this parameter at present.
n a study performed at Barcelona, Spain, the 75th percentile
f carotid IMT for subject older than 65 years was 0.89 mm
or men and 0.82 mm for women [25]. We used the median
f the average carotid IMT in our sample (0.804 mm) to split
he sample into two groups of equal size (lower than median
nd higher than median IMT values). A dichotomization of
he IMT variable was previously used in the ARIC study [20].
hey compared extreme values with not extreme (higher or

ower than 1 mm) to assess the risk for coronary heart dis-
ase incidence. The cut-off value used in this study is only
alid in terms of comparison between groups, and we used
he median to avoid arbitrary categories. At this moment no
hreshold for carotid IMT has been reported as a valid cut-off
o define pathological vascular thickening.

However, we used an ANCOVA as the first and major
nalysis considering the average IMT as the outcome. The
egative association between high IMT values and olive oil
ound in the adjusted ANCOVA, after accounting for possible
onfounders is coherent with the logistic regression results,
howing that higher olive oil consumption is associated in
ur sample with significant decreases in the average value
f IMT in a non-linear manner. Taking together both analy-
es, a protective role of olive oil on the vascular wall could
e suggested. The finding of negative estimates of similar
agnitude throughout the second to the fifth quintile when

omparing them with the first quintile deserves some expla-
ation. The levels of consumption of olive oil found in our
articipants are higher than expected. In other studies per-
ormed in similar settings the median of the second quintile
as 12 g/day, clearly lower than the median of the same quin-

ile in our participants (40 g/day) [5]. This may be explained
ecause of the very likely previous medical advice issued to
hese high-risk participants to follow a protective diet such as
he Mediterranean food pattern, usually considered healthy
n Spain. This explanation is plausible because all included
atients in our study belong to a category of high cardiovas-
ular risk and are under periodical follow-up in their health
enters. However, this possible change in dietary pattern is
lways previous to the inclusion in the study and constitutes
he habitual diet evaluated with the food frequency question-
aire at the inclusion interview. Consequently, the possible
hange in food pattern has not been induced by recent
dvice.

In a previous study with a case-control design, quintiles of
nergy-adjusted olive oil consumption showed a progressive
rotection for a first myocardial infarction. But in that study
he olive oil consumption was progressively increasing from
he first quintile (median of 7.2 g/day) to the highest (median
f 54.3 g/day). In this study on the effect of energy-adjusted
live oil consumption on carotid IMT in high risk patients, we
edia thickness is inversely associated with olive oil consumption,

re comparing the effect of 58 g/day of olive oil (median of the
fth quintile) with 27 g/day (median of the first quintile), with
carce differences in the consumption of olive oil from the
econd to the fifth quintiles. Probably this is the explanation

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028
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f the apparent threshold effect instead of a progressive effect
f the olive oil on the carotid wall. Also it may explain a lack
f clear differences between quintiles except when the four
pper quintiles are merged as a category.

Oleic acid, the main monounsaturated fatty acid in the
live oil, added to cultured endothelial cells induced a
ecrease in vascular cell adhesion molecule-1 expression and
n the transcription of its messenger RNA, and a diminished
dherence of a monocyte cell line [8,26]. A randomized study
howed that a monounsaturated fatty acid rich diet, similar to
he Mediterranean diet, increased the endothelium dependent
asodilatation with respect to National Cholesterol Education
rogram type diet [7].

In unstable angina patients olive oil consumption and an
ndex of Mediterranean diet adherence were associated to
ower values of vascular cell adhesion molecule-1 and tumor
ecrosis factor-alpha in the coronary sinus blood [27]. There-
ore, olive oil might induce protection against inflammatory
henomena in the coronary wall, which could also explain
he lower IMT in the carotidal wall found in this report.

The main limitation of this research is the small number of
ubjects examined. The carotid ultrasound was not a part of
he initial exam of all the participants included in the PRED-
MED study. As all of them are high risk patients we assumed
high proportion of patients would have objective vascular
amage. The final estimates are striking and the wide range of
onfidence intervals can be attributed to the limited sample
ize. Nevertheless, the significance of the negative associ-
tion in the logistic regression and the marginal statistical
ignificance in the linear regression model allow us to sug-
est a protective effect of olive oil on the progression of the
ystemic atherosclerosis.

These results need a confirmatory research. The first ques-
ion is whether olive oil will be able to reduce high IMT in
eople with regular consumption of it. The second question
s for how long this exposure to olive oil would be neces-
ary to be maintained to observe that effect. The suggestion
f this paper has been drawn from subjects with high olive
il consumption for years. Is the effect a matter of long-term
xposure to a high consumption or is the exposition to olive oil
uitable to be used as a short-term intervention to reduce arte-
ial wall atherosclerotic damage? In the PREDIMED study
nd in other ongoing studies some of these questions could
e answered.
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16] Páramo JA, Orbe J, Beloqui O, et al. Prothrombin fragment 1 + 2
is associated with carotid intima-media thickness in subjects free of
clinical cardiovascular disease. Stroke 2004;35:1085–9.

17] Touboul PJ, Hennerici MG, Meairs S, et al. Mannheim intima-media
thickness consensus. Advisory Board of the 3rd Watching the Risk
Symposium 2004. 13th European Stroke Conference. Cerebrovasc Dis
2004;18:346–9.

18] O’Leary DH, Polak JF, Kronmal RA, et al. Carotid-artery intima and
media thickness as a risk factor for myocardial infarction and stroke in
older adults. Cardiovascular Health Study Collaborative Research. N
Engl J Med 1999;340:14–22.

19] Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE.
Common carotid intima-media thickness and risk of stroke and
myocardial infarction: the Rotterdam Study. Circulation 1997;96:
1432–7.

20] Chambless LE, Heiss G, Folsom AR, et al. Association of coronary
heart disease incidence with carotid arterial wall thickness and major
risk factors. The Arteriosclerosis Risk in Communities (ARIC) Study,
1987–1993. Am J Epidemiol 1997;146:483–94.

21] de Groot E, Jukema JW, Montauban van Swijndregt AD, et al. B-mode
ultrasound assessment of pravastatin treatment effect on carotid and
femoral artery walls and its correlations with coronary arteriographic
findings: a report of the Regression Growth Evaluation Statin Study
edia thickness is inversely associated with olive oil consumption,

(REGRESS). J Am Coll Cardiol 1998;31:1561–7.
22] Smilde TJ, van Wissen S, Wollersheim H, et al. Effect of aggressive

versus conventional lipid lowering on atherosclerosis progression in
familial hypercholesterolaemia (ASAP): a prospective, randomised,
double-blind trial. Lancet 2001;357:577–81.

dx.doi.org/10.1016/j.atherosclerosis.2006.12.028


 INATH-9807; No. of Pages 7

heroscle

[

[

[

[

ARTICLE
P. Buil-Cosiales et al. / At

23] Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to
a Mediterranean diet and survival in a Greek population. N Engl J Med
2003;348:2599–608.
Please cite this article in press as: Buil-Cosiales P, et al., Carotid intima-m
Atherosclerosis (2007), doi:10.1016/j.atherosclerosis.2006.12.028

24] Knoops KTB, de Groot LCPG, Kromhout D, et al. Mediterranean diet,
lifestile factors, and 10 years mortality in elderly european men and
women. JAMA 2004;292:1433–9.
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